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PREFACE

A few years ago I published a short sketch nf

Mendel's discovery in heredity, and of some of the

recent experiments which had arisen from it. Since

then progress sn these studies his been rapid, and

ih.0 present account, though bearing the same Litlc,

lias bee n com pi ctcly rewritten. A number of ill LLStta-

tions have been added, and here I may acknowledge

my indebtedness to Miss Wild dale for the two

coloured plates oT sweet peas, to the Hon, Walter

Rothschild for the butterflies iignred on Plate VI.,

to Professor Wood for photographs of sheep, and to

Dr. Diinkwater for the figures of human hands. To

my former publishers also, Messrs,. Bowes and Bowes,

S wish to express my thanks for the courtesy with

which they acquiesced in my desire that the present

edition should be published elsewhere-

As the book is intended to appeal to a wide

audience, I have not attempted to give more experi-

mental instances than were necessary Lo illustrate

the story, nor have I burdened it with bibliograplticsiS

reference, The reader who desires further informa-

tion may be referred t-0 Mr. Bateson's indispensable

v



VI MENDEL ISM

volume on MenttePs Prinfifths ;>/ (Carfi-

bridge, J pOo),, where a full account of these matters

is reacEly accessEbie.. NeitEier have I aLEudcd to

recent cytologica! work in SO far as it may hear

upon uiir problems. Maoy of the facts connected

wiLti the division of the chromosomes nre striking

and suggestive, but while so much difference: of

opinion exists as to their interpretation they are

hardly suited for popular treatment

In choosing typical exsimples to Illustrate the

growth of our ideas it was natural that t should give

the preference to thofsc with which I was most

familiar. For this reason the book is. in aom?

measure a record of the work accomplished hv the

Cambridge School of Genetics, end it is not unfair

to say that under the leadership of William Bateson

the contributions of this, school hive been second to

none. But it should not he forgotten tint workers

in other European countries, and especially in

America, have amassed a large and valuable body

of evidence with which it is impossible to deal in a

small volume of this scope.

It is not long since the English language was

enriched by two new words—Eugenics and Genetics

—and their similarity of origin has sometimes led to

confusion between them Or) the part of thOK who

are innocent of Greek. Genetics is Lite term applied

to ibe experimental study of heredity and variation

in animals and plants and the main concern of its
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Students Is the establishing of Law and Order among

the phenomena there encountered. EuginEcs, on the

other hand, deals with the improvement, or the

human race UEidor existing conditions of law and

sentiment- The Eugeniat ha= to take into account

the religious and soda] beliefs and .
prejudices of

mankind. Other issues arc involved besides the

purely biological one, though as time goes on it is

coming to be more dearly recognised that the

EngenJc ideal is iharply circumscribed by the facts

of heredity arid variation, and bv the laws which

govern the transmission of qualities in living thing*

What these facts, what 'brae laws are, in *0 Tar as

we it present know* them, l have endeavoured to

indicate in the following pages
;

for I fed convinced

that if the Eugenis: is k> achieve anything solid it Ik

upon them that he must primarily build. Little

enough material, it is true,, avi sis at present, but that

we now see to be largely a question of time and

means. Whatever be the outcome, whatever the

form of the structure which is eventually to emerge,

we owe it first of all: to Mendel that the foundation?

can be well and truly taid r

K. C. F.

CAJtTRrnai, Marci mu.
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CHAPTER [

THE PROBLEM

A curious thing in the history of human thought,

so far as literature reveals it to us, is the strange

Jaci: of interest shown in uric of the most interesting

of ail human relationships* Few if any of the more

primitive peoples seem to have actcm pted to define

the part played by either parent in the formation of

the offspring, or to have assigned peculiar powers

of transmission to them, even lh the Vaguest way.

For ag'e.s man must have been more or less con-

sciously improving fiia domesticated races of animals

and plants, yet it is not until the time of Aristotle

that we have clear evidence of any hypothesis to

account for these phenomena of heredity* The pro-

duction of offspring by man was then held to be

similar to the production of a crop from seed* The

seed came from the man, the woman provided the

soil- This remained the generally accepted view for

many centuries, and it waa tint until the recognition

of woman as more than a passive agent that tile

physical basts of herftdtiy became established- That

recognition was effected by the microscope, for only

with its advent Yras actual observation of the minute

13i



; MEN"DELISM coat,

sexual oslls made possible, After more than a

hundred years of conflict lasting until the end of the

ei^htecnib century, scientific men settled down to

the vi*rf that eich gf the sexes makes a definite

material contribution to the offspring; produced by

their joint efforts. Among animals the female con-

tributes the ovum and the male tho spermatozoon
;

a mo«g plants the icorresponding cells are the ovules

arid pollen grains.

A& a general rule it may be stared that the re-

productive eelte produced by the female sm relatively

large and without the power of Independent move-

ment 111 addition to the aOLtia! living substance

VuTnEh is tn take part in the formation of a new

Individual, the ova are more or less heavily loaded

with the yolk substar.ee that is to provide for the

nutrition cf the developing embryo during the eariy

stages of its existence. The size oF the ova varies

er.orriLoUSly in different animals. In birds and

reptiles, where the contents of the egg form the sole

resources of the developing young, they arc very

large ill comparison with the sire of the animal

which lays them r In mammals, 00 the other hand,

where the young are parasitic upon the mother

during the earlier stages of their growth, tile eggs

iTe minute afld only contain the small amount of

yolk that enables them to reach the Stage at which

they develop the processes for attaching themselves

10 the wall Of the maternal uterus. But whatever

the differences in the size and appearance of the

ova produced by different animals,, they arc all

comparable in that each is a distinct and separate

sexual cell which, as a rule, is UUihlc to develop
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in,EO a n£w individual cf .its species unless it is

fertilised by union with a skhs] ceil produced by
the male,

„

The male sexual cells arc always of microscopic

size and are produced in the generative gland of

testis in exceedingly large numbers, In addition

to their minuter size they differ from the ova in

their power of active movement Animals present

various mechanisms by which the sexual clcrttents

may be brought into juxtaposition* but in all cases

SOfte distance must be traversed in a fluid or semi-

fluid medium ^frequently within the body of tbe

female parent) before the necessary fusion can

occur- To accomplish tills Utler end of its journey

the spermatozoon is endowed with some form of

motile apparatus, ar.d this frequently takes the form

of a long flagellum, or whip-likc process, by the

Whing of which the little creature piopels itself

much as a tadpole with its tail,

In plants as in animals the female ceils cr ovules

are larger than tlie pollen grains, though the disparity

la siae is not nearly so marked. 5 till they are

always relatively minute cells since the circumstances

of their development as parasites upon the mother

plant render it unnecessary for them to possess any

great supply of food yolk. The ovules are found

surrounded by maternal tissue in the ovary-* but

through the stigma and down the pistil a. potential

passage is left for the. male ceil. The majority of

flowers are hermaphrodite, and in many cases they

are also self-fertilising Thu an liters burst and the:

contained pollen grains are then shed upon the

stigma. When this happens, the pollen cell slips
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through a little liole in its coat and bores its way

down the pistil to tench an ovule in the ovary.

Compete fusion oceans, anti the minute embryo of ft

new plant immediately results. But for soms time

it is incapable of leading a separate existence, and,

like the embryo mammal, it lives as a parasite upon

its parent, fly the parent it is provided with a

protective wm Oping, the seed, coat, and beneath, this

the little embryo swells until it reaches a certain

$l2£
f
when as a ripe seed it severs ics connection with

the maternal organism. It is Important to realise

that the seed of a plant ss not a sexual cell but a

young individual which, except for the coat Lhit it

wears, belongs entirely to the next generation. It is

with annual plants in some respects as with many
butterflies, During one summer they are initiated

by The union of two sexual cells and pass through

certain stages of laical develop merit—the buLlcrfly

as a caterpillar, tt-e plant as a parasite upon Its

mother. As the summer draws to a dose each

passes into a resting-stage against the winter cold—
til* butterfly as a pupa and the plant ns a seed, with

the difference that whii-e the cacerpiilar provides its

own coat, that of the plant is provided by its mother.

With the advent, of spring both butterfly and piant

emerge,, become mature, and themselves ripen germ
cells which give rise to a new generation..

Whatever the details of development fliW cardinal

fact is clear. Excapc for the relatively rare instances

of parthenogenesis a new individual whether plant

or animal, arises as the joim product of two sexual

cells derived from individuals of dift'ercnc sexes.

Such sexual cells, whether ovules or ova, Sperma-
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t(Koa or poilcri grains, are known hy the general

term of tfhm&tes, or marrying cells,, and the individual

formed hy the fusion or yoking together of two

gametes is spoken of as a zygGIQ. Since a zygote

arises from the yoking together of two separate

gametes, the individual so formed must he regarded

throughout its life as a double structure in which

the components brought in by each oi" the gametes

remain intimately fused in a forest of partnership.

But when the zygote in its turn comes to form

gametes, the partnership is broken and Lite process

La reversed. The component parts of the dual

structure am resolved with the formation of a. set

of single structures, toe gametes.

The Jifc cycle of a species from among the higher*

plants, or ad mills may be regarded as falling into

three periods r fi) a period of isolation in the form

of gametes, each a living unit incapable of further

development without inrim at? association with another

produced hy the opposite, sex

;

(?) a period of

association in which two gametes become yoked

together into a zygote, and react upon one another

to give rise by a process of cell division to what we
ordinarily term an individual with all its various

attributes and properties
;

and (3) a period of

dissociation when the single structured gametes

separate out from that portion of |be double structured

zygote which constitutes its generative gland. What
is the relation between gamete and sygote, between

zygote and gamete? bow are the properties of the

gygotc represented in the gamete, and in what

m sutler are they distributed from the one to the

other?—these arc questions which serve to indicate
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the nature of the problem underlying the process of

hciedity.

Owing to their peculiar power of growth arid the

relatively large size to which they attain, many of

the properties of zygotes are appreciable by observa-

tion, The colour of an animal or of a flower, the

shape of a seed
h
or tlie pattern on the wings of a

moth, arc all zymotic properties, and, all capable of

direct estimatinn, (t is otherwise with the properties

of gametes While the difference between a black

and a white fowl Is suffidiently obvious, no one by

inspection can tell the difference between the egg

that will batch into a black wid that which wili batch

into a while. Nor from a mass ol pollett $£rains can

anyone to-day pick out those that will produce white

from ihusc that will produce coloured flowers,

Nevertheless, we know that in spite of apparent

similarity there must exist fundamental differences

among the gametes, even among chose that spring

from the same individual At present our Only way
of appreciating those differences is to observe the

properties of the zygotes which they form. And as

it takes two gametes to form a zygemt, we are in the

position of attempting to decide the properties of

two unknowns from one known. Fortunately the

problem is not entirely one of simple mathematics.

It car, he attacked by the experimental method, and
with what measure of success will appear in the

folioWifi El pages.



To Gregor Mendel, monk and abbot, belongs the

credit of founding the modern science of heredity-

Tbrougp him them was brought into these problems

an entirely new idea, !in entirely fresh conception

of the nature of living things. Born in cS^t of

Austro -Silesian parentage, he early tittered the

monastery Of Bruno, and there, in the seclusion

of the cjoiiler garden, he carried out with the common
pea the series of experiment* which has since hecome

so famous. la 1S65, after eight years' work, he

published the results of his experiment a iti the

FrvtttdirtgS- i?f tht Natural History Suckty nf Rrihutr,

in a brief paper of some forty pages. But brief AS

it is, the importance of the results and the lucidity

of the exposition will always give it high rank

among the classics of biological literature. For

thirty- tive years Mendel's paper remained unknown,

and it was no: until IQOO that it. was .simultaneously

discovered by several distinguished botanists. 1 be

causes of this CUriOHS negLcct are not altogether

without interest. Hybridisation experiments before

Mendd there had been En plenty. The classi ficatory

work of Linnneua in ihe latter half of the eighteenth

f
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century had given a definite significance to the word

Species, apd scientific men began to turn their

attention to attempting to discover how species were

related to one another. And one obvious way of

attacking the problem was to cross dlnerent species

together and see What happened. This was largely

t)oEjC daring the earlier half of the nineteenth

century, though such work was almost entirely con-

fined to the botanists. Apart from the fact that

plants Lend themselves to hybridisation work in ore

reatlijy lhan animals, there was probably another

reason why zoologists neglected this form of investi-

gation. The field of zOoiogy is a. wider one than

Hint of botany, presenting a far greater variety of

type and structure, Partly owing to their importAlice

In the study of medicine, and partly owing to their

smaller numbers, the anatomy of the vegetable was

far better known than that of the animal kingdom.

It is, therefore, not surprising that the earlier part of

the nineteenth century found the JJOOlog i.sts, under

the Influence of Cuvier and his pupils, devoting1

their

entire energies to describing the anatomy of the

new forms of animat Life which careful search At

home and fresh voyages of discovery abroad were

continually bringing lo fight During this period the

zoologist liad little Inclination or inducement to

carry on those investigations in hybridisation which

were occupying tbs attention of some botanists.

Nor did the efforts of the botanists afford much
encouragement to such work, for in spite of the

labour devoted to these experiments tire results

ofiTerro but a confused tangle of fact?, contributing

in no apparent way to the solution of the problem
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for which they had been undertaken. After half a

«ntHiy Of experimental hybridisation foe determina-

tion of the relation of species and varieties Co one

another seemed as remote as ever. Then in

came the Origin of Sfittitt, In which Darwin pre -

iented to the world a consistent theory to account
for the manner in which one species might have

arisen from another by a process of gradual evolution.

Briefly put.. that theory was as follows:— Trt a;iy

species of plant or animal the reproductive capacity

tends to outrun Lhe available food- supply
r
and the

resulting competition leads to an inevitable struggle

fnr existence,. Of all the individuals borm only a

portion, and that often, a very small one, can survive

to produce offspring. According to Darwin's theory',

the nature of ihe surviving portion is not determined

by chance alone. No two individuals of a species

are precisely alike, and among the variations that

cccur some enable their possessors to cOue more
successfully With the competitive conditions under

which they exist. In comparison with their less

favoured brethren they have a better chance of

surviving in the struggle for exigence and, conse-

quently
h
of 'caving offspring. The argument is

completed byr the further assumption of a principle

of heredity, iu virtue of which offspring tend to

resemble their parents more than other members

of the species, Parents possessing a favourable

variation tend to trausmit that variation to their

offspring to some ir. greater, to others in less degree.

Those possessing it iu greats* degree will again have

a better chance of survival, and will ti'iJlsmft the

favourable variation in even greater degree to
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some af their offspring A competitive struggle for

existence working in combination with Certain

principles at variation and heredity results in a slew

and continuous transformation of species through

Lhs operation of a process which Darwin termed

natural selection.

The cohei'oiicc and simplicity of the theory, sup-

ported as it was by the great array of facts which

Darwin had patiently marshalled together, rapidly

gained ihe enthusiastic support oF tbfe great -majority

of biologists. The prohlem of the relation of Species

at last appeared to be solved,, and for ibo- next forty

years zoologists and botanists were busily engaged

in classifying, by the light of Darwin's theory, the

great masses of anatomical facts which had already

accumulated, and in aedinjj anti classifying fresh ones

The study of comparative anatomy and embryology

received a new stimulus, for with the acceptance ol"

the theory of descent with modification it became

incumbent upon the biologist to demonstrate the

manner in which animals a ad plants differing widely

in structure and appearance could be cortcesvably

related to one another, Thenceforward the energies

of both botanists and zoologist? have been devoted

to the construction cf hypothetical pedigrees suggest-

ing the vifiatis. tracks of evolution by which one

group of animals or plants may have arisen from

another through, a long-continued process of natural

select lent The rcs-jlt of such work on the whole

may he said to have shown that the diverse farms

under which living thing-s exist to-day, and have

existed in the past sn far as pal&ecntaLagy can tell

us, are consistent with the view that they are all
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related by the cottumunty of descent which Ole

accepted theory of evolution demands, though as

to the e?caet course of descent for any particular

group of animate there is often (-.onflideiable diversity

of opinion. It is obvious ifrat all this work has
little or nothing to do with the manner ill which
spec lea are formed. Indeed, the effect of Darwin's

Origin of Spum Wis to divert attention from the

way in which species originate, At the time that it

was put forward his applanation appeared so satisfy-

ing that biologists accepted the notions of variation

and heredity there set forth and ceased to lake any

further interest m the work of the hybrfdisers, Had
Mendel's paper appeared a dozen years earlier it is

difficult to believe that it could, have 1 ailed to attiad

the attention it deserved. Coming as it did a few

years arter the publication of Darwin^ great wuric,

it found men's minds Set at rest on chc problems

that he raised and their thoughts atid energies

directed toother matters.

Nevertheless, one interesting and noteworthy

attempt to give greater precision to the term

heredity' was made about this time. Francis Gallon,

a OOUSifi of Darwin, working Upon data relating to

the breeding oF Basset hounds, found that he could

express on a definite statistical scheme the proportion

Em which tile different colours appeared iu successive

generations. Every individual was conceived of as

possessing a definite heritage which might be ex-

ptftsscd as unity. Of this
f ^ was on the average

derived fro rn the two parents (iP. ^ from each parent),

£ from the four grandparents, | from the ehjht great-

grandparents, and SO On. The Lav.' sf Anatstrai
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-IE it was termed, expresses with fair accu-

racy some of the statistical phenomena. relating to

the transmission of characters in a mixed population,

Eiit tiic- problem of the vfty in ’.vEaEcli characters arc

distributed from gamete to EVgotc and from zygote

to gamete remained as before. Heredity is essen-

tially 0 physiological problem, and though statistics

may be suggestive in the initiation of experiment,

5; is noon the basis of experimental Tact that progress

must ultimately rest. For this reason, m spite of its

ingenuity and originality, GttitOlfs theory and the

subsequent Statistical work that has been founded

upon it failed to give us any deeper Insight into the

nature of the hereditary protest

While Galtoii was working In England the

German zoologist. August Wcismanri, was elabora-

ting the complicated theory of heredity winch

eventually appeared In his work on The Gtrstipi&sut-

;;SS^)n
a book which will be remembered for one

notable contribution ta the subject. Until die pub-

lication of Weismanu's work It had been generally

accepted that the modifications brought about in the

individual during its lifetime:, through the varying

conditions of nutrition and environment, could be

transmitted to th* offspring. In this biologists were

but following Darwin, who held that the changes in

the parent resulting from incteascd use or disuse of

my part or organ were passed on to the children.

Weismnnn's then ry involved the conception of a sharp

cleavage between the general body tissues or somato-

plasm and the reproductive glands nr geimpl^m,
T|ie individual was merely a carrier for the essential

gerruplasm whose properties had been determined
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long before he was capable of fading a Separate

existence. As this conception ran counter to the

possibility of the inheritance of ''acquired characters,"

Weismann thal'Unged the evidence Upon which it

rested and showed that it broke down wliirftVci

it was- critically examined, Bv thu^ compelling

binlo^ists to revise their ideas as to the inherited

effects of Lise and disuse, WeiSTbann rendered ?.

valuable sendee to the Study of genetics and did

mveh to Cleat the way for subsequent research,

A further important step was taken in [&Q5, when
Ftetcson once more drew attention to the porcblcm of

the origin of Specie^ atid questioned whether the

accepted ideas of variation and heredity were after

all in consonance with the facts, Speaking generaliy,

species do not grade gradually from one to the other,

but the differences between them are sharp and

specific- Whence comes this prevalence of discon-

tinuity if the proems by which tbey have u-i.=^n is

one of accumulation of minute and almost imper-

ceptible differences? Why arc nut intermediates of

all 30rtS more abundantly produced in nature than

is actually known to Iw the ease ? Bateson saw

that if we are ever La answer this question we must

have more definite knowledge dI the nature of varia-

tion and of the nature of the hereditary process by

which these variations arc transmitted. And the

best way to obtain that knowledge was to let the

dead ajonc and to return to the Study of the living.

It was true that the past record of experimental

breeding had been mainly one of disappointment.

It was true also that there was no tangible clue by

whidi experiments might b* directed in the present.
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Nevertheless In this kind of work alone seemed there

any promise of ultimate success,

A few years later appeared the first volume of

de Vries' remarkable book Olt Tfu Mutation TfieOty.

From a prolonged study of the evening primrose

{ Qmothera) ds Vries concluded that new varieties

suddenly arose from older or-es by sudden sharp

slepS Dr mutations, and not by any process involving

the gradua l aecumulat in n of m i n oto d i flfcrenees. Tire

number of striking
1 eases from among widely different

plants which he was able to bring forward wont far

to convincing baojegista that discontinuity hi varia*

tion was a more widespread phenomenon than had

hitherto hecu suspcc-ed, and not a few began to

question whether the account of the mode of evolu-

tion SO generally accepted for forty years was after

all the true account,. Such, in brief, was the outlook

in ihft central problem of biology at the time of the

rediscovery of Mendel's work.



CHAPTER III

MEK DEL’S WORK.

The ta.sk that Mendel set before himself was to

gain some clear conception of the- manner in which

tbe definite and fi xed ‘varieties fwjnd within a soeeies

are related to one another, and he realised at the

outset that the Lust chance of success lay in working

with material of such a nature as to reduce the

problem to its simplest terms. He decided that

the plant with which he ™ to work must be

normally seif-fcrLiiLSing and unlikely Lo lx: Crossed

through the interference uf insects, while at tbe

sain* time it must possess definite diced varieties

which bred true to type- In the common pea

(PisHtn sativum) he Ibuntl the plant he sought,

A hardy annual,, prolific,, easily worked, Pisum
has a further advantage in that the insects which

normally visit flowers are unable to gather pollen

from it and So to bring about cross ferCiliaation.

At the same time it. exists in a number of strums

presenting well-marked ar.d fixed differences., The

flowers may lx purple, or red, or white
;
the plants

may bt tall or dwarf; th* ripe seeds may be yellow

or green, round or wrinkled,—such are a few of the

r
S
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characters m which Hie Vfltfious races of peae differ

from one another.

[n planning his crossing experiments Mendel

adopted P-T1 altitude which marked him off sharply

from the earlier hybi'idisers. He realised that their

failure to elucidate any general principle of heredity

Irani the results pf OHS* fertilisation wels due to

their not having concentrated, upon particular

characters or traced them darefuliy through a

sequence of generations. That source of failure

he was careful So avoid, and throughout his ex-

periment he crossed plants presenting sharply

contrasted characters, and devoted bis efforts lo

observing I he behaviour of these characters in

fUCCCasivr generations, Thufl in one series of ex-

periments he concentrated his anc n Lion cm the

transmission of the characters tallness and dwiuT-

ne$s F
neglecting in so far as these experiments were

concerned any Other characters in which the parent

plants might differ from one another. For this

purpose he chose two strains of peas, ono of about

6 feet in height and another of about 1-1 feet.

Previous testing liad sEiown that each strain bred

true tn its peculiar height. These two strains were

artificially crossed
1

with one another, and it wan

found to make no difference which was used as the

pollen parent aad which was used as the ovule

parent £n either case the result was the same.

The result of crossing tall with dwarf was in every

care nothing hut tails* S3 tall or cvco jl little: taller

than the tall parent, For this reason Mendel

termed tallness the dominant and dwariness the

c tt, iwLe gap. 17 3.
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recessive character. The next stage was to

collect and sowT the seeds of these! tall hybrids,

Such seeds in the following year gave rise Id a

misted generation consisting of tails and dwarfs but

no ittUrw&iiates. By tailing a Considerable number
of such plants Mendel was able to establish the foot

that the number of tails which occurred fn this

generation, ivas almost exactly three times as great

ai the number of the dwarfs. As in the previous

year, seed were carefully collected from this, the

second hybrid generaLionj and in every case iht mtdi

ft$m task individual plats! wtr# harvest. separatdj

and separately ssnun in ths Jvlh’&ing year. By this

respect for the individuality of the different planta,

however clossiy they- resembled ocjC another, jriendei

round the due that had eluded ihe efforts, of all his

predecessors. The weds collected from the dwarf

ycccssives bred true, giving nothing but dwarfs. And
This was true for every dwarf basted. But with the

tails it was qaiic otherwise. Although id distinguish

able in appearance,. some of theftl bred true, while

Others behaved ti’ne the original tali hybrids, giving a

generation con-

sisting of tails
T ¥ D----- F

and dwarfs in

the proportion of

three of the for-

rcjcr to one of the

latter. Counting

showed that the

numbcT of the

tails which j^avC

TjO).

T(D) T(D]

L.

-
-Fi

D—Fa

T T-'fri Ti b'; D TT[I>] T;n-i & D - - -Fa

1D—Fa

dwarfs was double that of the tails which bred true,

c
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If we denote a dwarf plant as D, a true bread ing

tall plant &s T n
and a tall wilidl gives both tails

aald dwarf* in the ratio 3:1a' T(Dj, the result of

these experiments may he briefly summarised in the

foregoing scheme.
1

Men.de! experimented with other pairs of con-

trasted characters aitd found that 3u every iugtarce

they followed the same scheme of inheritance. Thus

coloured flowers were dominant to white, in the ripe

seeds yellow was dominant to green, and round

shap~ was dominant to wrinkled, and so on, Fn

every case where the inheritance of an alternative

pair of -characters wai concerned £hc effect of the

cross in successive generations was tc product three

and only three different sorta of individuals, viz,

dominants which bred true, dominants which gave

both dominant and recessive offspring in the ratio

3:1, and recessive? which always bred true. Having

determined a general scheme of inheritance which

experiment showed to hold good far each of the

sewn paEr!i ul
" alternative characters with which be

wyrbcd, Mendel set hirrt&elf lu providing a. theoretical!

interpretation of this scheme which, as he; clearly

realised, must be in term? of germ cells, He con-

ceived of the gametes as beaters of something capable

of giving rise to the characters of the plant, bur he

regarded any individual go mete as being able to

carry one and one only of any alternative pair of

diaraeters- A given gamete could carry tatlne&S at

dwarTness, but not both- The two were mutually

E Ir iina bftn futihd convenient 10 iVn^t®: l!a6 v^riejun [pneni.ivnj

iBStili.ni; frail
-

, i :r«s try Lh< s!pai i
;

V tfc. Fj on iliis syslsru

deiuetei [Tn Spit fUia- mmeialir-ji, F^ rh; saccod ril iut ^rnetiUiLM pro-

duced jy Uyj |>irai^ Ucjiic jjng iw the F- gtncniti'jr., and so hi.
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exclusive SO fee as the gamete was concerned IS

must be ptlrt for one or the other of SU-Cil 3 pair,

and this conception of the purity of the gametes Is

the most essential pact of Mendel's theory.

We may 00W proceed with the help of the

accompanying scheme (Fig. t) to deduce the re-

sults that should

flow from Mendel's

conception of the

nature of the gam-
etes, and to see

how far they are

in accordance with

the feeds Since

the original tall

pliant belonged LO

a strain which bred

true, ali the gam-

etes produced hv it

must bear the tall

character. Simi-

larly all the gam-

etes bf the original

dwarf plant must

bear the dwarf character.

!• -

| • —
}o-—
o-

© -

"9*"
fyiKjtmn

•s
-o|

i
-• ••

"Oe

Fio- i.

S-Sr:— fi cf r . i : r

r

I : r. - F-

uc£ FjDrrjcIc&n

!.:, Iirsrti circle.

ih» cro*r & gill i»i-h C^Lrf
Led Sy j-nr]lanilfl.“go[ii«

A cross between these

two means the union of a gamete containing

tallness with one bearing rfwarfness. Owing
lO Lhe completely dominant nature of {ho tall

character, such a plant is in appearance indis-

tinguishable from the pure tall, but it differs

markedly from i: in the nature of the gametes tn

which it gives rise- Whin rhe formation of the

gametes occurs, the elements representing dwarfness
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and tallness segregate from one another, so that hsJf

of die gametes produced contain the one, and half

contain the other of these two elements For On
hypothesis every- gamete must be pure for one or

Other of these two characters. And this is true tor

ths ovules as wett as for the pollen groins. Such

hybrid F'j plants, therefore, must produce a series of

ovules consisting of those bearing tallness and those

bearing du'srfness, and mast produce them fn equal

numbers. And similarly for Lhe pollen grains. We
may now calculate what should happen when such

a series of pollen groins meets such a .series of ovules,

i.e. the nature of the generation that should he p re-

duced when the hybrid is allowed to fertilise itself,

Let us suppose that there arc 4X ovules so that 2x
are " tall

11

and 2x arc " dwarf.

11

These are brought

in contact with a i^ass of pollen grains of which,

half ant
4

' tail
11

ar.d half are
Jl

dwarf,” It is obvious

that a “ tall " ovule has an equal chance 03" being

fertilised bv a “tali
'1 or a “dwarf" pollen grain.

Her,OS of oUr 2X |£
tall " Ovules, X will be fertilised by

“tall" pollen grains and x will be fertilised by
“ dwarf

1
* pollen gratae The former must give rise

to tall plants, and since the dwarf character haa

been entirely eliminated from them they must Jtl

tits future breed trufe The Sauer must also give

rise to tall plants, but since they carry also the

recessive dwarf character they must when bred from

produce both tails and dwarfs. Each of the 2x

dwarf ovules, again, has an equal chance cd befog

fertilised by a
a|

talE " or by a “dwarf 11

pollen grain.

Hence * will give rise to tall plants carrying the

recessive dwarf character, while x will produce
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plants ii'om which the tail chapter* hag bsca

eliminated, tjt. te pure recessive dwarfs Conse-

quently from the qx ovules of the self - fertilised

hybrid we ought to obtain $x tall arid it dwarf

plants. And of the 34? talk * should breed true to

talLness, while the remaining 2t, having been formed

like the original hybrid by the Union of a "tall"

and a Cl dwarf
"

gamete, ought to behave Like St

when hrod from and give tails nod dwarfs in the

nacio 3:1, Now this is precisely ihe result actually

obtained by experiment (cf. p, E7), and the dose

accord of the experimental results with those deduced

on tlie assumption of the purity of the gametes as

enunciated by Mendel affords the strongest of

arguments for regarding the nature of the garnetOs

and their relation to the characters of the zygotes La

the way that he has done.

It is penslWe to put the theory to a further test.

The explanation of til* 3 ; I ratio of domic Lints and

recess ivC£ in the F, generation is regarded as cue

to the F, individuals producing equal numbers of

gametes hearing the do mi 11 aim and recessive elements

-respectively. ]f now the plMit he crossed with

Ihe pure recessive, we are bringing together a scries

of gametes consisting of equal numbers of dominants

and reecEsivcs with a scries consisting solely of

recessive!}, We ought from such a cross to obtain

equal numbers of dominant Situ recessive individuals,

and further, the dominants so produced ought al. to

give both dominants and reocsELves In the ratio

3 ; 1 when they themselves ate bred from Both

of these expectation:; were amply confirmed by

experiment! and crossing with the recessive is now a
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recognised way af testing whether a. plant or animal

bearing 9- dominant character is a pure dominant or

an impure dominant which is carrying the recessive

character In the former case the offspring wil] be

all of the dominant form, while in the latte r they

wifi consist oil the average of equal numbers of
•dominants and rccessivcs.

So far we have been concerned with the results

obtained when two individuals differing- in a single

pair of characters are crossed together and with

the interpretation of those results. But Mendel also

used plants which differed in more Than a single pair

of dEfTcrenriating characters, in such casts ho fomsd
that each pair Of characters followed the same definite

rule* hut that the inheritance of each pair was
absolutely independent of tbs other,, Tbus

h
for

cmamp Is, '. hen a tall plant nearing coloured flowers

was crossed with a dwarf plant tearing white flowers

the resulting hybrid was a tall plant with coloured

flowers. For coloured flowers are dominant Lo white,

and tallness is dominant to dwarfrass. In yie
succeeding generation there are plants with coloured

flowers and plants with white flower 1
! in the pro-

portion of 3 i I
,
and at the same time Jail plants

an.d dwarf plants In the Same proportion. Hence the

cStances that a tall plans wlJJ have coloured flowers

are three times as great as its chance of having
white flowers- Arid this is also tiue for {he dwarf
plants. As the result of this cross, therefore, wc
should expect an F

2
generation consisting of four

classes, sd?. coloured -aJb, white t&IEg, coloured

dwarfs, and white dwarfs, and WO should further

expect these four forms to appear in the ratio of
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p coloured tails, 3 white tails, 3 coloured dwarfs,

and L white dwarf For thin h the only ratio

which satisfies the conditions that the tills should

he to the dwarfs as j, ; I, and at the same tfjne the

coloured should be to the wlutes as 3 1 I. And
these ate the proportions that Mendel found to

obtain actually in his experiments. Put in a more

general form, it may be stated that tthert two jndi-

vlftyials -are crowed which differ irt two pairs of"

differentiating1 characters the hybrids (F,) are all

of the same form, exhibiting the dominant character

of each of the two pairs, while the F
y

generation,

produced by such hybrids consists on Lhc average

of p showing both dominants, 3 showing one

dominant and one recessive, 3 showing the other

dominant and the other recessive, and 1 showing '50th

recessive characters. And, as Mendel pointed out,

the principle may be extended indefinitely. If, for

example, the parents differ in three pair of characters

A
,
B, ar.d € respectively dominant to 8 t £, and c, the

F
3

individuals will be all of the form ABC, while

the Fj genera l ion will consist of 27 ABC, 9 A&c,

9 AbC, 9 aBC
y 3 Abe, 3 aBe, 3 abC, and l abc.

When individuals differing in a number of alternative

characters are creased together, the hybrid generation,

provided that the original parents were of pure

strains, consists of plants of the same form; but

when these are bred from, a redistribution of the

various characters occurs. That redistribution follows

the same definite rule for each character, and if the

constitution of the origin id parents he known, the

nature of the generation, *>, the number of

possible forms and the proportions In which Urey
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occur, Gan fee readily calculated. Moreover, as

Mendel showed, we can calculate also Che chances

of any given form breeding true. To this point,

however, we shall return later.

Of Mendel's experiments with beans -it is sufficient

to say here that they corroborated, his more ample

work With peas. He Is also known to have made

experiments With maty other plants, and 0 lew of

]',k results are in cidenCally given in his series of letters

CO NhigeJi the botanist, To the Weeding and cross-

ing of bees he also devoted much time and attention,

but unhappily the record of these experiments

appears to have been lost. The only other published

wWli that we possess dealing with heredity i£ a brief

paper on some crossing experiments with the Hawk-
weeds [ffttntenirt), a £cmjs that he chose for working

With because of the enormous number of forms under

which it naturally exists, Hy crossing together the

more distinct varieties, he evidently hoped to pre^

dtice some of these numerous wild forms, and SO

throw light upon their origin and nature. In this

hops he was disappointed. Owing in part to the

Ureal technical difficulties attending the crQSS-tW-

tihsation of these flowers he succeeded in obtaining

very few hybrids. Moreover, the behaviour of those

which he did obtain wia quite contrary Lo what lio

had found in the peas. Instead of giving a variety

of forms in the generation, they bred true and

continued to do &q as lung as they were kept under

observation. More recent research has shown that

this is dlte tu a peculiar form of parthenogenesis

[di p, T2j), and not to any Failure of the Characters

to separate clearly from one another in the gametes.
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Metldel
r
however, could not have known of this, and

his Inability lo drover HiewtintM any indication

of the rule which be had found to hold good for

both peas and beans must have been a source

of considerable disappointment. Whether for this

reason, or owing 10 the Utter ne^iect Of his work by

the scientific world, Mendel gave up his experimental

researches duilrl" the latter part of Ins life. H is

closing years were, shadowed with ill-health and

embittered by a controversy with the Government on

a question of die rights of his monastery, He Hied

of Bright’s disease in I S 3 4 .

Jftit .— Shortly after the rediscovery of Mendel's pap c -

a need vi^a felt fo: terms 0 : a general nature to express ibitj

constitution of individuals in .-aspect of inherited characters,

nnti Bateson accordingly proposed the words ti OJrtOZ3'j?Otft

end heter02y£’GC9. An individual is said to be homc-

sygous ftn a given character when Lt has been formed by

two gametes ezch lit aiing t!:c character, anc all the gametes

of * bowoiygcte the tharacKr in. respect of which it is

homoEygous. When, however, the itygoie ts formed by
two gametes of which one bears the given character while

the other does nM, it is said to be heterozygous for the

character in question, and only half Lhe gatnetes produced

by such a beterKygOte hear the character. An incivndirnl

rnay he homozygous for one or caOr* characters, and at

the same time tTsay he heterojygciis for otbcrE,



CHAPTER IV

THE MESEJTCE AND ABSENCE THEORY

J.T WftS fortunate for the developmolit of biological

science lhafc the rediscovery of Mendel's work found

y. small group of biologists deeply interested in the

prahmma of neiOdLLy, and them selves engaged in

experimental breeding. To these men the extra-

ordinary signiiicance of the discovery WA5 it once

apparent. From their experiments, undertaken in

ignorance of Mendel'S piper, de Vries, Ccrrcns, and

Tschermak were able to confirm lus results let peas

ar.d other plsnli, while Bateson was the first to

demonstrate their application to animals. Thence-

forward the record has been onc of steady progress

and the result of ten years' work has bccil to

establish more and. more firmly the fund-amenta!

nature of Mendel's discover/. The scheme of in-

heritance, which he was the first to enunciate,, has

been found to hold good for such divcrJO Lhings as

bright, hairiness, and flower colour and dower form

in plants, the shape of policn grains, and the

structure of fruits
;
while among animals the coat

colour of mammals, the form of the feathers and of

the Comb in poultry, the waltzing habit of Japanese

lb
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ni:cE
t
and eye colom in m.m tre but is few example?

of the diversity of characters1 which alt follow the

same latv of transmission, And as time went on

many cases which at first scented to fall without the

scheme have been gradually brought into line in the

Light of fuller knowledge. Some of Lhese will be

I’m. j

L i^-ldg Trf 1 anil n rwmtrwr k^tKet :l" o:l £r:iinuf and n JoitI. The Teauliar

ncpii ip-pairanai tf Lit lilky CfcMhet* Si dut lii the fitetice of the link h'>:Ri

bIimIiuIb wtitb hold ?h» tort* »DB*rJ*r- Thn -i.lty Er.rc.hinn u r*rij«iva,

dealt with in the succeed ill" chapters ef this book.

Meanwhile we may concern ourselves with the single

EiiodiJicaLton of Menders original views which has

arisen out of snore ample knomedge.

As wo have already seen, Mendel considered Ihiit

la the gamete there was either a definite something

corresponding to the dominant character or a definite

.something corresponding to the recessive character.
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RZid that these somethings whatever they were ccuhd not

coexist h, any single gamtLe. Ear these M>naethl fl gs

we shall in future use the term CtCtOP, The factor,

then, is what coL-rcsiJoiKJ t in the gamete to tlic un 5t-

(jharnoteF that appears In some shape oi other in

the development of the sygote. Tallness in the yea

is a uniL-chafacter, and the gametes in which it 13

Fie. g,

Tu:- Jaul-V mil f.- a-.r.rjry |:rinU':i MWi 'll > fjlll ilf iloill'lc E-:

[9 lhi

represented are said to contain the factor for tallncsfi-

Eeytfdd their existence in the gamete and the it

mode of transmission wt make ik> suggestion as to

the nature of these factors.

On Mendel’s view there was a factor correspond-

ing to the dominant character and an other factor

corresponding to the recessive character of each

alternative pair of unit- characters, and the characters

were alternative because no gamete could tarry more
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than one of the two factors beior.gmg to rhe alter-

native pa.ir, On she cthcf hand, Mendel, supposed

that it always earned either one or the other of such

a. pair. As experimental work proceeded, It sMm
became clear that there were eases which cotiid

not be expressed in terms o( this conception. The
nature of the difficulty and the way in which it was

met wiEl perhaps be best understood by considering

a, set of experiments in which it occurred. Many
of the different biends of poultry are characterised

by a particular form of comb, and in certain cases

the inheritance of these has been Carefully worked

out It was shown that the rose comb (Fig- 4, B)

with Its flattened papiltated upper surface and back-

ivardEy projecting pike was dominant in the ordinary

way to the cccply serrated high single comb (Fig, 4, C)

which H characteristic of the Mediterranean races.

Experiment also showed that the pea com b ( Fig. 4, A],

a, form w i Lb a low central and two well-developed

lateral ridges such as is found ir. Indian game, he haves

as a simple dominant to the single comb. The inter'

rating question arose as to what would happen when
rhe rose and the pea, two farms each dominant to

the same third form, were mated together. Tt seemed

reasonable to suppose that things which were alter-

native to the same thing would bo alternative *0 or.c

another—that either rose or pea would dominate in

the hybrids, and that the F
?

generation would consist

F dominants ami recessives in the ratio 3:1. The
result of the experiment wai

f
however, very different.

The cross rose *- pea led to the' production of a ccmb

quite unlike either of them. This, the so-called

walnut comb (Fijr. 4, D), from Its resemblance to
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the half cf A wainnt, IS a type of COTOb which is

normally characteristic of tll^ Malay fowl. Moreover,

when these Fj birds were bred together, a further

Uflloohfid for result was obt ained As was expected

,

Ftc. +
fouls' PG*nN- A, pra

,
E, rac: Q liiifil: : iJ, Ullltti,

there appeared :n Lfci-& V
2
generation the three form;;

walnut, rose, and pea. But there also appeared,

a <1f finite proportion of sialic combed iMr-dSj and

among many hundreds of chickens bred in this way

the proportions in which the four farms walnut, rose,

pea h
and single appeared was 91 3 t 3 ; I. ^!ow this,
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Wainal Ros*

Itf <3*

Singlif

(*)

as Mendel showed, is the ratio found in an F„

generation when the original parents differ in two

pairs of alternative characters, and from the p rapor-

tious in which the different forms ef comb occur we

cnyst infer that the _
, . .. Rose X ri-a

walnut cgn.tHjns both

dominants, the rose and 1 1

,1 , Wfltnut X Witat
Lhe pea one dominant

each, while the single

[i pure for both reces- ...

'

'

,

sive ch aractera. Ihia ^
accorded with .subse-

quent breeding experiments, for the singles bred

perfectly tine as soon ns they hold once made
their appearance, Sc far the case is clean The
difficulty comes when we attainpt to define these

two pairs of characters. How are we to express the

fact that while single behaves as a simple recessive

to either pare rose or to pure pea, it can yet

appear in Ft from a Cross between these two pure

forms, though neither of them should, on Mendel's

view, contain the Single? An explanation which

covers the facts Efi A simple way is that which haa

been formed the 'Presence and Absence" theoiy.

On this theory the dominant character of an aEter-

native pair owes its dominance: to the presence of"

a factor which is absent in Ihe recessive, The tall

pea is rail owing to the presence in it of the factor

for tali ness, but in the absence of this factor the pea

remains a. dwarf. All peas are dwarf, but the tall

£5 a dwarf plus a factor which tllrni it into a tall-

Instead Of the characters of an alternative pair being

due to two separate factors, we now regard them as
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the expression of the only LWC possible states of a

sitlgle factor, vjz. its ptesenre or its absence, The

CQIK4 prion wi]] probably Income deafer it" we follow

its application in detail to Tll£ case of the fowl’s

conbs. In this ease we are concerned with the

transmission of the two factors, rose (R)t and pea [P) t

the presence of each of nvhicb h alternative to its

absence. The rose-combed bird contains the factor

for rose but not that for pea, and tile pea- combed

bird contains the factor for pea bu t riot that for rose.

When both factors are present in a bird, as in the

hybrid made by CrOMiog rose with psa, the result in

a walnut For convenience of argument we may
denote the presence or 0 given factor by a capital

letter and Its absence by the corresponding small

letter The use of the small letter is merely a

symbolic way of intimating that a particular factor

is absent in a gamete or zygote. Represented thus

the ^vgotic constitution of a pure rase-COmbed bird

is RRfip\ for it has been formed by the union of

two gametes both of which contained R but not P.

Similarly we may denote the pure pea-rombed bird

as rrPP, On crossing cfoe mse with the pea, union

occurs between a gamete Rp arid a gamete vR^

resuiting in the formation of a bctcrozygote of the-

constitution RrPp. The use of the =,ma!| letters

here informs us that such a zygote contains only

a ample dose of each of the factors R and P, although,

of course, it is possible for a t'ygotie, if made to a

suitable way, to have a double dose of" any Tactor.

Nowf when such a bird comes to form gametes a

reparation takes place between the part of the

zygotic cell containing R and the part which does
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not contain it (f). Half of its jjamcteSj therefore,

wail contain R ai L'.iJ the other half will he without

it (r), Similarly half af its gametes will contain P
and the other half will be “without it (p '}

. it is

obvious that the ehanc« of R being distributed! to

a gamete with Or without P arc equal. Hence the

gametes containing R will be of two sort 1
:. PR and

Rps
and these will be produced in equal number?.

Similarly the gametes without R will aiso be of two

sortij rP and rp, irtd these, again, will be prod need

in equal numbers. Each of the hybrid walnut-

combed birds, therefore, gives rise to a aeries con-

sisting of equal numbers of gametes of the Four

different types RP
t
Rp, rP, and rp . and the breeding

together ot" such F birds means the bringing together

of two fuch series of gametes. When this happens

art ovum of any one of the four types lias an equal

chance of being; fertilised by a spermatozoon of any
one of the tour types. A convenient and sump I c

method of demonstrating what happens under such

circumstances is the method sometimes termed the
u chessboard ” method. For two series each con-

sisting of four different types o; gamete we require

a square divided up into id parts. The four terms

of the gametic senes are first written horizontally

across the four sets of four squares, so that llte

series is repeated four times. It is then written

vertically four timdS, csre being taken to keep to

the same ender. In this simple mechanical way all

the possible combinations are represented and En

their proper proportions. Fig. 5 shows the result

of applying this method to our series PP, Rp, *P, rp,

and the 16 squares represent the different hinds of

D
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Lfic the yrojjorcEons in which they

gUfe shows, g sygotcs contain both

a double :ra ^in ^L-e daac of cither

factors. Such birds mitsi he all

Three out or Lhe :o zygote - contain

R but not P, and

these must be

rose-combed birds-

Threc. again
h
con-

tain P bur not R,

and must be pea.-

cc in b e d birds.

Finadfy one out

Cl the 1

6

contains

neither R nor P.

Ir cannot be nose

— it cannot be

peo. It m Jst,

there fore, be some-

thing else.. As a

matter of fact it

is single. Why
it should be stogie arid not something else follows from,

what we abeady know about the behaviour of these

various forms of comb. For rose is dominant to

single
;
therefore on the Presence and Absence theory

r rC&e S3 a single plus a factor which turns the single

into a rOSC. If we could remove the '‘rose" facror

from a rose-tombed bird inn underlying single would

come into view. Similarly a pea comb is a single plus

a facto: which, turns the single into a pea, anc a walnut

is a single ivhich possesses two additional modifying

factors. Singleness, in fact* underlet all these combs,

Walnut WoJaiit Wilnst Wilnut

WalnctT-^V I T1 Lit

Walnut WaJauL

OTflicrat
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and if we write their zygotic constitution id full

we must denote a walnut as RRPPSS
,

a ros* as

RJtyfSS, a pea a:; rrPPSS, and a single as rrf'f'SS.

T he crossing of ngse with pea results in a reshuffling

of the factors concerned, and in accordance with the

principle of segregation s^mc sygotes are formed in

which neither of the modifying factors R and P arc

present, and the single character can than become

manifest.

The Presence Slid Absence theory is to- day

generally accepted by Students of these matter*.

Not only does :t afford a simple explanation of tlie

remarkable fact that in all cases of Mendel Lan in-

heritance we should be title to express our unit-

characters in berms of alternative pairs, but, as. we

shall have occasion to refer to later, it suggests a

due as to the course by which the various domesti-

cated varieLWS of plants And animats have arisen

from their wild prototypes.

Before team ing this topic we may draw attention

to some experiments which oner a pretty confirma-

tion of the view that the rose comb is a sir.glt to

which 2 modifying factor for roseness has been

added. it was argued that if we could find a type

of cam hi in which the factor Tor -sin fie ness was

absent, then on crossing such a comb with a rose

we ought, [f singleness really underlies rose, to obtain

some single combs in F
;
from such a e*oss. Such

a comb we bad the good fortune to find in the

Bred* fowl, a breed largely used in Holland. This

fowl 13 usually spoken of as com bless for th<j place

of the comb is taken by a covering of short bristle-

like feathers (Fig. ft, D). In realty it possesses the
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veSti-SfC of e eorr.ih id the form of Efl'o minute lateral

knobs of comb tissue, Characteristic also o] this

breed is the high development of the horny nostrils,

a feature probably correlated with the almost com-

Fio fj

Fijwlj/ qhdU. AukL LJ, Vi t(-i 1*01" ntfi k Bi«ja : O, jn Fl-ctkL Ihru ’btr :roii
itI '..r."!is :: Brad a !>, burl ni" Rnri?. owx.

plete absence of comb The « first step an the

experiment was to prove the absence of the factor

for singleness in the Bred a. On crossing Breda

with single the F birds exhibit a large comb of

the form of a double single comb in which the two



sv PRESENCE & ABSENCE THEORY 37

portions are united anteriorly, but diverge from one

another towards the bade of the heart (Fig- 6, C)-

The Breda contains Art element or duplicity which
[=i dominant to the simplicity of the ordinary single

Comb. But it cannot contain the factor for the

single comb, because as soon as that is put into :t

by crossing with a single the comb assumes a large

size, and is totally distinct i It appearance from Its

almost complete absence in the pure Breda. Now
When the Breda Is creased with the rose duplicity

is dominant :o simplicity, and rose is dominant to

Rose X Breda

I

D'JLlIlK DilptllB

Rune

n
1 i t.

Duplei Rose DapL-sit Sin£l£ Breda

Ftwo Siugte
v

-, a«n|iLKi1

lack of comb, and the F
L
generation ennsisis of bird*

possessing duplex rose combs (Fig- 0. A and B\

On breeding such birds together we obtain a genera-

tion consisting of Bredas, duplex roses, rosea, duplex

singles, and singles. From a lit previous experiment

we know that the singles could not have come from

the Bred a, since a Breda comb to which the factor for

single has been added no longer remains a Bveda,

Therefore it muat have come from the rose, thus

confirming our view that Lite ro&C ifi in reality a

singSc comb which contains in addition a dOEUiitanl

modifying; factor (J2] whose presence turns it, intc



MENDELISM CUAt. IV33

a rest Wc shall lahe it, therefore, that there is

^00(1 experimental evidence fur the Presence and

Absence theory, and wc shall express in terms of it

the various cases which COfifie np for discussion in

succeeding chapters.



CHAPTER V

INTERACTION OF FACTORS

We have nt>',v reached a point at which it is possible

to formulate a definite conception of the Jiving

organism, A plant or animal is a living entity

whose properties rtisy in Large measure be expressed

in terms of unit characters, arid it 1-3 the possession

of a greater c-r lesser number of such Uttlt'Charaeteca

renders it possible for us to draw sharp distinctions

between Oils individual and another. These Unit*

characters arc represented by delimit; factors in. the

g'amete which in the process of heredity behave as

indivisible entities, and are distributed according io

a definite scheme. The factor for this or that unit-

chasractcr ls either present in the gamete or it is

not present It must there m its entirety Or

completely absent Such at any rate is the view to

which recent experiment has Jed us. But as to the

nature of these factois. the conditions under which

they exist :n the gamete, and the manner in which

they produce their specific effects In the zygote, we
are at present almost completely in the dark.

The case of the fowls’ combs opens Up Lhe im-

portant question of the extent to which the various

factors can influence one another tn the zygote,

3 $
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The rose and the pea facto?* arc separate; entities,

and each when present aioce produces a perfectly

distinct and characteristic effect upon the single

corn'll turning it into a rose or a pea as the ease

may be. But when bath are present in the same

zygote their combined effect is to produce the

walnut comb, a comb which ia quite distinct from

either and In no sense intermediate between them.

The question of the influence of factors upon one

another did not present itself to Mendel because

he worked with charaders which affected different

parts r>F the pjant, It was unlikeiy that the factor

which led t* the production of colour in the flower

would affect the shape of the pod, or that the height

of the plant would be influenced by the presence 0 “

absence Of the faccor that determined the shape of

the ripe seed. Bui when several factors can modify

fhc same structure :t is reasonable 10 suppose that

they will influence one another in the effects which

their simultaneous presence has upon she zygote.

By themselves the pea and the rose factor? each

produce a definite modification af the single cOtnb,

but when both arc present in the zygote, whether as

a single or double dose, the modification that results

is quite different to that produced by either when
present alone. Thus we are led to the conception

of character? which depend for Iheir manifestation

on more than on& factor in the zygote, and in the

present chapter we may consider a few of the

phenomena which result from, such interaction be-

tween separate and distinct factors.

One of the mast [tuerestirig and instructive cases

in which the interaction between separate factor? ho?
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been demonstrated is a case in the sweet- pea. All

white sweet- peas bieed true to whiteness. And

generally speaking the result of Crossing different

whites 55 to produce nothing hut whites whether in

F, or in succeeding generations, But there are

certain stratus oi white £weet-pcas which when

crossed together produce only coloured flowers. The

colour may be different to different cases, though for

our present purpose we may take a case in which the

colour is red. When such reds are a -lowed to se-f-

fertilise themselves in the normal way 2 rul the seeds

sown, the resulting F
a

generation consists of reds

an d whites, Lite former hoi rg

rather more numerous than

the latter in the proportion

of 9 r 7 , The raising of a

lurcher generation from the

ieeds of these F. plants shows tli4at the whites always

White

Rtf

1?)

X

Rtf-

I

White

F,

White ?,

breed true to whiteness, but that different reds may

behave differently. Some breed true, others give teds

and whites in the ratio 3:1, while Others, again, give

reds and whites in the ratio ^ : 7. As in the case

f the fowls* combs, this case may be interpreted in

terms of the presence arid absence of two factors.

Red in the sweet-pea results from the Interaction of

two factory and unleas these are both present the

red colour cannot appear. Each of the white

parrots carried On* of the two factors whose inter-

action is necessary for the production of the red

colour, and as a cross between them brings these

two complementary factors together the E
t

plants

must ail be red As this Case is of considerable
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importance for the proper understanding of much
that rs to follow, and as it has Leon completely

worked out, we shall consider it in some detail-

Denoting these two colour factors b>‘ A and B
respectively we may proceed to follow out die

consequences of thia crow. Since all the F, plants

were red the constitution oT the parental whites

must have been AAhb and nuBB respectively, and

their gametes
consequently A l'

and aB. The
constitution of

the F
i

plants

must, therefore,

be A#Bb. Such

a plant being

heteroEygous for

two factors pro-

duces a series of

gametes of the

four kinds AB,
uB, ab, and produces them in equal numbers

(cf p, To obtain tlie various types of aygotes

which am produced when such a series of pollen

grains -meets a similar series of ovules we may make
use of the same ” chessboard

:J

system which we
have already adopted in the case of the fowls'

combs, An examination of this figure (Fig. ?)

shows that 9 nut of the [6 squares contain both

A and B, while 7 contain either A Of B aLone, or

neithaf. lit Other words, on this View Of the nature

of the two white Sweet- peas we should in Lite F„

generation Eoolt for the appearance of coloured and"

Wlute
AAtih

Wfutt
*aBB

AS Ak aE v,*
or j>ii

Rtf F,

AaBb

/ \
AS Bf
&b 2*
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white flowers in the ratio 9 :
7. And this, as we

have already seen, is what was actually found by
experiment. Further examination of the figure

shows that the coloured plants arc not all of the

semi constitution, hut are of four kinds with respee

t

to their zymotic constitution, vis, AABB
,
AABb,

AaBR
t
& nd A«B&.

Since AABB is

homozygous for

both A and R ali

the gametes which

it produces must

contain both of

these factors, and

such a plant must

therefore breed

If ue to the red

colour. A plant

of the constitution

AABh is homo-

zygous for the , vL"i: jrr.rr. m iLuihraie ub nature af ihc Tjj ^Eicrasum

factor DTJt TruAL Lk± Erv} while Itftifil frcmi fiiV4 u

. _ mlDiTt-i Fi.

JUEbejrD.ZygtiUS tor

R All of Lt-H gametes will contain A, but only one-

haif of them will, contain Bt
t\*r it produces equal

numbers of gametes AB and Ab. Two Such series

of gametes coming together must give a generation

consisting of * AABB, s* AABfr, and x AAM,
that is, reds: and whites in the ratio 3 :1. Lastly

the red zygotes of the constitution AuBb have the

fi&jjje constitution as the original! red made from the

two whites, and must therefore when trod from give

reds and whites in the ratio 917. The existence
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of rJI these three sorts of reds was deinoflitmted by

experiment, and the proportions in which they were

met with tallied with Line theoretical explanation.

The chewy was further tested by an examination

into the properties of the various F
g
whites which

come from a coloured plant chat has itself been

produced by the mating of two whites. As

Fig- 7 show-3 ,
ihcse are, in respect of tlieir constitu-

tion, of five difTercnE kinds, vii. AAbb.Aabb, anBB,

a&iBb, ana aabh. Since none of them pioduoc any-

thing but whites on self-fertilisation il was found

necessary to test their properties in another way,

and the method adopted was that of crossing them

iogcther. It is obvious that when tills is done we
should expect different resufts in different cases.

Thus the cross between two whites of the constitution

AAbb and <%&BB -should give nothing dd coloured

plants
;

for these two whites are of the same con-

stitution as the origins! two whites from which the

experiment storied. On the other hand, the ccom

between a white of the constitution 4abb and arty

ther white can never give anything but whites.

For no white contains both A and B, or it would

not be white, and a plant of Ehe constitution mtOb

cannot supply the complementary factor necessary for

the production of colour. Again, two whites pf the

constitution Aabb and saBb when crossed should

give, both coloured and white flowers, the latter

being IhreO limes as numerous as the former.

Without going into further detail it may be Stated

that the Lesnlts of a long series of CTOSSOS between

the various F, whites accorded closely with the

theoretical explanation.
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From the evidence afforded by this exhaustive
.set of experiments it h impossible to resist the
deduction that the appearance of colour in the sweet-

pea depends upon the interaction of two factors

which are independently transmitted according to

the ordinary scheme of Mendelian inheritance.

What these factors are is Still an open -question.

Recent evidence of a chemical nature indicates that

odour in a flower is due to the interaction of two
definitive substances ; (t) a colourless " chromogon h

|J

or colour basis
;
and (2} a ferment which bch*t'« os

an activator of the chromogdiL, and by irKluetrif

some process of oxidation, leads to the formation of

a coloured subs tance. Eat whether these two bodies

exist ai streb in the gametes, or whether in some
Other form we have US yet no means of deciding.

Since tlie elucidation of the nature of colour in

the sweet-pta phenomena of a similar kind have
been witnessed in other plants, notably in Stocks,

snapdragons, and oncliids, Nor is this class of

phenomena confined to plants, In the course of a

series of experiments upon the pljmagc colour

of poultry, EmdiCftLiOn& were obtained that dilterent

while breeds did not always owe their whiteness to

the same cause. Crosses were accordingly made
between the white Silky fowl and a pure white

Strain derived from the white DorJq rig, Each of

these had been previously shown to behave as a

simple recessive to colour. When the two were
crossed only fully coloured birds resulted. From
analogy with the case of the sweet -pea It was
anticipated that such F

l
coloured birds when bred

together would produce an F.. generation consisting
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of coloured and m'h it-S birds 111 the ratio 9:7, and

when the experiment was made this was actually

Shawn to be the esse. With the growth of know-

ledge it L5 probable that further striking parallels

or this nature between the plant and animal worlds

will be nset with.

Before quitting the subject of these experiments*

attention may be drawn to the fact that the 9 : 7

ratio Is in reality a 913:3:1 ratio in which the

last three terms are Indistinguishable owing to the

special circumstances that neither factor can produce

a visible effect without the co-opera Lion of the other.

And we may further emphasise the fact that although

the two factors thus interact Upon one another they

ane nevertheless transmitted quite independently

i.nd ia accordance with the ordinary Mendelfan

scheme^

One of the earliest sets of experiments demon-

strating the Interaction of separate factors Was that

made fay the French
^psnil y ATbino

zoologist Cn£not on the

coat colours Of inlcO. ft

was shown that In cer-

tain cases agouti, which

is the colour of the

ordinary wild grey

mouse, behaves as a

dominant to the albino variety, fj. the F, generation

from such .1 cross consists of agoutis and albinos in

Lhe ratio 3:1. But in other cases the cross between

albino and agouti gave a different result En the F
1

generation appeared only agoutis as before, hut the

F, generation consisted of three distinct types, Idas,

Agrnid K Ageuti.

AgMti Btadk AlWw

tflf CS W
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el;01J Li-3, albinos., and blacks. Whence the sudden

appearance Of the new type f The answer h a simple

one. The albiuo parenf was really a black. But it

lacked the factor without which the colour eS Unable to

develop, and consequent ly it remained an albino. If

we denote this factor by C, then the constitution of at:

albino must be cet while that of a coloured animal may
he CC or Cc, according as to whether it breeds true to

colour Or tin throw albinos. Agouti was previously

known to be a simple dominant to black, i.e. an

agouti ss a black rabbit plus an additional greying

factor which mod ides the bLack into agouti. This

factor we will denote by G, find WC will use B for

the black factor Otlr- original agouti and albino

parenls we ntay therefore regard Si in constitution

GGCCBB auc ggccBB respectively. Both of the

parents are homozygous for black. The gametes

produced by the two parents are GCB and gcB, and

the constitution of toe F aoi reals mast be GgCtBB,

Being heterozygous for two factors they will produce

four kinds of gametes in equal numbers, viz. GCB,

GiBygCB, and^-oB. The results of the mating of

two such similar scd&s of gametes when the F
T

animals are bred together we may determine by the

usual “ chess board
Jf method (Fig. S/- Out of the

i6 squares 9 contain both r and G in addition to

B. Such animals must be agoutis, Three squares

contain c but not £. Such animals must l>=

coloured, hut as they do not contain the modifying

agouti factor tlidr colour will be black- The rem-air,-

sr.g four squares do not contain C, and in the absence

of this colour-developing factcr they must all be

albinos. Theory demands that the three classes
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agouti, b!ack, and albino should appear in F
a
sn the

ratio 9:3 : 4 ; Experiment has shown tliat these trs

the only closes that appear, and that the proportion

in which they are produced accord closely TV;th the

theoretical ex-

pectation, Put.

briefly, then, the

explanation of

this ease is that

al] the animals

arc biack f atld that

we are dealing

with the presence

arid absence of

two factors, a

colour developer

(€), and a colour

modifier (&), both

acting, as it were,

upon a su bs traturn

Ajrriuii

ftJbirto Althrw

AlbmOAlbino
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Soi G [GgccJiB), and albinos without G i^gcrEB):

These albinos arc, as it were,. Elite photographic platen

exposed but undeveloped. Their potentialities may
be quite different, al though they ail look alike, but

this can cnly be tested by treating them with a colour

developer, In the case of the mice and rabhits the

potentiality for which wc wish "to test is the presence

or absence of the factor G, and in order to develop

the culaur we must introduce the factor C Our
developer, therefore, must contain Chet not GL in

Other words, it must be a h-CunozygOUS black mouse

or rabbit, ggCCBB- Since such an animal is pis re

for C it must, when mated with any of the a I bines,

produce only coloured offspring.- And since it docs,

not contain tJ the anp-carance of agfontis S-inong its

offspring must he attributed to the presents of G
in the alb in*. Tested in this way the F

?
albinos

were proved, tis was expe'Cted, to 1*C of three kinds :

([) these which gave only agouti, *y. which were

homozygous for G: (s') those which gave: agoutis

and blacks in approximately equal
.
numbers, j>.

which were heterozygous for G
;
and ( 3) these whith

gave only blacks, and therefore did tVOt contain G,

Though al bines, whether mice., rabbits, rats, or

other animals, breed true to albinism, and though

albinism behavej as a simple recessive to colour, yet

albinos may be of many different sorts- There are

In fact Just as many kinds of albinos t-$ there are

coloured forma—neither more nor less, And all

these different kinds Of albinos may breed together,

transmitting the various colour factors according to

the Mendelian scheme of inheritance, 3 rid yet the

visible result will be nothing but albinos, L'rsder

E
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fcfic mask of albinism Is nil tlie white occurring that

segregation of the different colour faotors which would

result in a!’ the varieties of coloured forms, If only

the essential factor for colour development were

present. But pat in the developer by crossing

with a pttre coloured form and their variety of con-

stitution can then at last become manifest.

So far we have dealt with cases in which the

production of a character is dependent Upon the

interaction Ot two factors, But it may be that some

characters require the simultaneous presence oF a

greater number of factors for their manifestation,

and the experiments of Miss Saunders have shown

that there is a character In Stocks which lS unable

to appear except through the interaction of three

distinct factors. Coloured stocks may he either

haary with, the Leaves and Stem covered by small

hairs., or they may 1 ac.-r the hairy covering* in which

case: they arc termed glabrous, lloariness is dominant

to glabrousness
;
that is to say

p
there is a definite

factor which can turn the glabrous into a hoary plant

when it is present. But in families where coloured

and while stcoks occur the white are always glabrous,

while the coloured plants may or may not be hoary.

Now colour Er. the stock at in the Sweet --pea has

been played to he dependent upon the interaction or

two separate factors. Hence hearings depends

upon three separate factors* and a stock cannot be

hoary unices it contains the hoary factor in addition

to the two colour factors, Jt requires the presence

of all these three factors to produce, the hoaxy

character, though how this comes about we have not

at. present the Scast idea.
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A somewhat different ami less usual form of inter-

action between factors may be illustrated by a case

in primulas recently worked out by Bateson and

Gregory, Like the common primrose, the primula,

exhibits bath pin-eyed and thrum eyed varieties- In

the former the style is Long, and the centre of the

eye Is formed by the end of the sLigma which, mote

or kss plugs up the opening of the corolla (c£ Fig.

g, A)
5

in the fatter the Style :£ short and hidden by

F]C.

EKdsuef prmuli Amn. Tkt jQi.trfrf f.'.y -.Nr*- n* hluik. A, 1 pa " Tarn -iLil

\nujz aiyic Hfii A v.hcrv rfS \*V AlWt
;

ft f tlTtmi " fartfl. v_-.li i-tiC+t lljU Jifd

Kuthcri ^ h-s'Mr up; t. HamasiMlt fb«i, wlih. nmhtfs «r 8 qu down u u.

pin f

M 1™= viSllJwn iLrlc. Ttusiwin only wryn with Ut* Ixr^n «iyc_

the four anthers which Spring front higher up in Che

corolla and form the centre of the eye (cf- Fig. g, B).

The greater part of the " eye
jr

is formed by the

greenish -ycilow Riches on each petal iust at the

opening of The corolla. III most primulas the eye

is small, blit there arc some in which it is large

and extends as a. flush oitr a considerable part of

the petals f Fig. io), Eh peri merits showed that

these two pairs of characters behave in simple Mcn-

rJeSiafi fashion, short style
(
— * thrum"} being dominant

to long style {-= fl

pin '*} and small eys dominant to



MFMtlELTSM ii t r.

[ir**. Besides die normal Slid short feLyled

forms, there occurs a third form, which has been

termed hcunoslyle. In this form the anthers arc

placed law down in the corolla tube as they are in

the long- styled form, but the style remains short

instead of reaching up to the corolla opening (Fig.

9, C). In tbs course of their experiments Bateson

and Gregory crossed a large-eyed homostyle plant

with a small -eyed thrum ("Short Style), The F
1

plants were all short styled with small! eyes, On
self- fertilisation these gave an F

;
generation consist-

ing of four types, rir. short Styled with small eyes,

shore styled with Large eyOS, lv*g Styfod With small

eyes, and fiattissiyltd whh large eyes, The notable

feature of this generation is the appearance of long-

styled plants, which, however, OCtW only :n associa-

tion with the small eye. The proportions, in which

these four types appeared shows that the presence

or absence of but two factors is concerned, and at
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the seme Time provides the key to the nature of the

bomo&tyled [’arses TE:,ese are potentially long styled,

ar.d the position of the anthers is that of normal long-

styled plants, but owing to some interaction between

the factors the style itself li wnahle to reach its fu LI

development Unless the factor for the nmaJI eye is

present for this reason lung -styled plants with

Sliort *ty]=
I J

HnanDsLyfc

snail *ye J
'

I laigT tye

Slart Styt-5

smalL ayfl

I
i i

SliDrtntT Is Short style Long- Style HtifflVStyl*

iUiflll cjS Jf-rg
1

-; tye ("pn"| fije

<$) (3 ) [3 )
(I)

the large eye. are always of the- homostyle form.

What the connecting-link between these apparently

unrelated structures may be wc cannot vet picture

to ourselves, any noic than we can picture the relation

between flower colour and hairiness in stocks. It is

evident.,, however, that the Conception of the inter-

action of factors, besides clearing up much that is

parados ical in heredity, promises to indicate lines of

research which may load to valuable extensions in

our knowledge or the way in which the various parts

of the living organism are related to one. another-



CHAPTER VI

AEVER5I0K

As suoii S3 the idea was grasped tbit characters in

pis.fits and animal? might be due bo Lhe interaction

Of complementary factors, it became evident that this

threw clear light upon tht hithetto pulling pheno-

menon of reversion. We have already seen chat in

certain esses the cross between a. bkek mouse or

rabbit and an albino, each belonging to true breeding

strains, might produce nothing but agoutis. In other

words* the cross between the black and the white in

cnrlain instances results in a complete reversion to the

wild grey form. Expressed in MendeLiatl terms, the

production of the agouti was the necessary oonse-

c-ucnce of the meeting of the factors C and O in the

zygote. As scon is they are brought together,

no matter in what way, the reversion is bound to

occur. Reversion, therefore, in such cases we ooay

negard as the bringing together of complementary

factors which had somehow in the course of evolution

become separated from one another, |n the simplest

cases, such as that of ihct black and the white rabbit,

only two factors are concerned, and one of them is

brought in from each of the two parents. But in

<4
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ether eases the nature as" the reversion may he more

complicated owing io .I larger number pf factors

being concerned, though the general principle remains

die same:. Carfrfa! breeding from the reversions will

enable US in each case- to determine the number and

nature of the factors concerned, and in illustration

of this we may take another example from rabbits,

The Himalayan rabbit is a well-known breed In

appearance it is a white rabbit with pink eyes, but

the ears, paws, and nose are black (PI. I,, fi). The

Dutch rabbit is another well-known breerL r Generally

speaking, the anterior portion of Lh-e body is white,

acid the posterior part onion red. Anteriorly, how-

ever, the cyea are surrounded by coloured patches

eslending up to l he ears, which y.re entirely coloured

At the same time the hlr.d paws arc white (cf,

PI. i„ l). Dutch rabbits exist in many varieties of

colour, though in each one of those the distribution

of colour and white shows the same relations. In

the experiments about to be described 2 yellow

Dutch rabble was crossed with a Himalaya. The
result was a reversion to the wild agouti colour

(PL I., 3}. Some of the F
x

individuals showed

white patches., while Others vrerfr self-coloured. On
breeding from the F, animals a scries nf coloured

form? resulted in Fr These were agoutis, blacks,

yellows, and SOOfy yellows, the So-called tortoise-

shells of the fancy (FI. I., 4-"). In^addition to these

appeared HSmaJayans with either black points Or

with lighter brownish ones, and the proportions in

which eftey came showed the Himalayan character

to he 2 simple recessive. A certain number of thft

coloured forms exhibited the Dutch marking to a
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greater or Jess extent,, but as its inheritance in this

set oT experiments is complicated and has not yet

been worked -out, we may for the present neglect it

and confine our attention to the coloured types and

to the Himidayans. The proportion in which the

four coloured types appeared in F, was very nearly

p agoutis, 3 blacky 3 ydk>W9
,
and 1 tortoiseshell.

Evidently we are here dealing with two factors: (1)

the grey factor (G)
r
which modifies blaclr into agouti,

dr tortoiseshell into yellow ,
and (z) an intensifying1

factor (Jj, which intensifies yellow into agouti and

YePnw >; Huedayan

I

1

—

Agouti YulSrnw

Agouti X Agoad

_l

(?)

Elide j ortuise HinU’&yaii
Shell

19) 131 (**)

tortoiseshell Into black, it may be mentioned here

that other experiments confirmed the vjew that the

yellow rabbit fa a dilute agouti, and the tortoiseshell

a dilute black. The Himalayan pattern behaves as

a recessive tn self-colour. It L a self-coloured black

rabbit Lacking a factor that allows the colour to

develop except in the prints. That factor we may
denote by X. and as far as it is concerned the

Himalayan is constitutionally -tv. The Himalayan
Contains the intensifying factor, for such pigment
as it possesses in the points is full coloured. At
the same time it is black, it, lacking in the factor G.
With regard to these three factors, therefore, the con-

stitution of the Himalayan Is ggUxx. The last char-
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aerer witch we have Lr> consider Eri this cross is the

Dutch character. This Wa£ found by Hurst to

behave as a recessive to self-colour (S\ and fur our

present purpose we will regard it as differing from

a reif-coLoured rabbit in tie jack of this factor.
1 The

Hfifijiilayao is really a se-lf-colotutd animal, which,

however, 15 unable to show itself as a full black

owinf to its not possessing the factor Jf. The results

of breed tag experiments then suggest t hat we may
denote the Himalayan by the formula gg/JxxSS and

the yellow Dutch by GGnXXsf. Each lacks two

qf the factors Upon the full complement of which the

agouti colour depends. By crossing them the com-
plete serioa GIXS (S brought into the same zygote,

and the result :y a reversion to the colour of the

wild rabbit.

Most of the instances of reversion yet worked out

are these in which colour characters are concerned.

The sweet -pea, however, supplies us with ?. good

example of reversion in structural characters, A
dwarf variety known an the "Cupid 111

lias been exten-

sively grown for SOEue years. In these little plants

the intercedes are very short and the Stem* ate

few in irnmher, and attain to a length of Otlly $-10

Inches. In course of growth they diverge from one

another, and come to lie prostrate an the ground (PL

IT., 2 ). Curiously enough, although the whole plant

is dwarfed in other respects, that docs not seem to

affect the size of the flower, which ls that of a normal

sweet-pea. Another though 3eA5-k ciown variety is

the "Bush'
1

sweet-pea. Its name is derived frem

1 T-Tucfri's odjjiftjJ Cri?SE bcfcwecr. n Belgian bare and run albino

Angora which. turned cet La "Le a mruhed D_;ili.
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izs habit of growth. The numerous sterns do not

diverge from one another, hut at] grow up side by

aide giving the pSafit the appearance of a compact

bosh (Eh ] I-
f j y Under ordinary couJEtjons it attains

n height of 34'* ^ numbtr of crosses wore

made between the Bush and Cupid varieties, with

the somewhat unexpected result that in every

instance the F., plants showed complete reversion

to the size and habit of the ordinary tail sweet-

pea (PI, II., 3) ;
which 13 tile form of the wild p^ant

as iL occurs In Sicily to-day. The F, generation tram

DileH X CJulilJ

I

TaJ: F,

Tail E,i*h Cupi(S Cupid Fa
ipnaiunbEn^ kren

ftt (S) (1)

these reversionary tails consisted of four different

types, viz. tails, bushes* Cupids of the procumbent

type jjkc the original Cupid parent, and Cupids

with the compact upright Rush habit (Pi. IT., 4).

These four types appeared in the ratio 9:313:1,
atld fhw, of course, provided the due to the nature

of the case. The characters concerned are (1) long

internode of stem between the leaves which is

dominant to short internoJe, and (2) the creeping

procumbent habit which is dominant to the erect

bush-like habit, Of these diameters length of illter-

nodc was tarried by the Bush, and the procumbent

habit by the original! Cupid parent. The bringing

of them together by the cross resulted in a pro-



Muali Rwrtt Pert ; a Caj'iil Prj
; 3 F 1

E^?CI Clilll-i Pi?fc . 5. liiTiiit-ililr

:

7 Dnin Ejf Wf.lTMHltr u'llvl Mtlrs^'i J il'
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cumbsnt pill'll with lOOg Intern odes. This is the

ordinary tall swccL-pca of th.fi wild SiciLian type,

reversion here, again, being due to the bringing

togt-thef of two complementary factors which had

aojnchoW become SCpatatcd in the ecu r^e dT evolution.

To this interpretation it may be objected that

the ordinary' sweet-pea is a plant of Upright habit.

This, however, is not irue. It only appears SO

because the conventional way of £3 owing it Is to

train it Up sacks, In reality it h of procumbent

habit, with divergent stems like the ordinary Cupid,,

a fact which can easily be observed by any one who

wits watch them grow without the artificial aid of

prepared supports,

The cases of reversion with which wc have so

far dealt have been cases in which the reversion

occurs as an immediate tC-SiiII of s cross, i.t. in l.hs

F. generation, This is perhaps the commonest

mode of reversion
f

but instances lie known in.

which Ilia reversion that occurs when two pure

types are- crossed docs not appear until the t"
3

generation. Such a case wc have already met

with in the fowls' comb?. St will be remembered

that the cross between pure pea and pure rose gave

walnut combs in F
3
,
while in the b

T
generation a

definite proportion;, I in td, of single combs

P-ppeared (cf. p. 30). Now ihe single eomh is the

form that is found in the wold jungle fowl, which is

generally regarded as the ancestor of the domestic

breeds. If Ibis k so, we have a ease of reversion in

F„ ; and this in the absence oE the two factors

brought together by the rose-comb and pca-coEiih

parents. Instead of the reversion being due to the
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bringing together of two complementary factors, ne

must regard it here as due to the association of two

complementary absences,' To Ihis (^licstimi, how-

ever, we shall revert later in discussing the origin of

domesticated varieties.

Til ere is one other instance of reversion to which

Ulitifc EJ;ir- x White FaMail Blurb Barbx SpoL 1

I i

Dark w Dark

Ampn( sht! tiiVspring one very shnihu

to the w\l& Like rock.

wc moat allude, This is Darwin's famous case of

the occasional appearance of pigeons reverting to

the wild bine rock {Gplnmba livittj when terrain

domesticated races are crossed together. As is

welt known, Darwin made use of this as an

lilicir v White
Re rh

Bkck
rw>.iLt SyiiiiE'r;

u.n-li

fWWt* Spii^had

:

r
—

1
1“

i —
i

.

Black EJajci Blue BJue Wliite

(Whit: Spk ihobl iWhlrn Epl-ilitd?

argument for regarding all the domesticated varieties

as having arisen from the same wild species. The

original experiment b somewhat complicated, and

is shown in the accompanying scheme. Essentially

3 TTii-j. t 6 iLimis; white birr! , the cdIwu luai^y cv:iKi:«vl fcfr ll'-e

l^jl and ihc rinimei-ftrlElK spot on :bt hend.
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The results of two such series of gametes being

brought tQgethei P!*r shown ill the Ufcliai way in Fig,

II. A b'tte is a bird containing the colour factor

but lacking the hlack modifier, w, of the constitution

CCbh, or Ce&h, and 5ucb birds as the figure shows
Appear irt the generation on the average three

times oat ef sixteen, Reversion here comes about

Ltl F„ when Lhe redistribution of the factors leafis to

the formation of eygotes containing one of the two
factors but not the other,



In the caws which we Mve hitherto considered the

presence of a factor produces Its full effect whether

5 t is introduced by both of the ga motes which go to

farm the zygote, or by one of them atone. 1 he

heterozygous tall pea, or the heterozygous rose-

combed. fowl catinol he distinguished from the

homozygous form by inert- inspect ion, however c’oec.

Breeding testa alone can decide which is the

Heterozygous, and which the homozygous form.

Though this is true for the majority- c-f character.?

yet investigated, there aTe cases known in which the

heterozygous form differs in appearance from cither

parent. Among plants such a case has been met

with in the primula. The ordinajy Chinese primula

(P. sinmsit) (Fig- 12) has large rather wavy petals

much credited at the edges,. In the Star Primula

{F, tteUaia) the flowers are much smaller, while the

petals are flat and present only a terminal notch

instead of the numerous crc nation? ol P- siw&ait.

The hctcrozygobe produced by crossing these forms

{$ intermediate in size and appearance. Vi hen self-

fertilEsed such plants behave in simple MendeJian

*3
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fashion* giving >* generation consisting of sinmsif,

intermediate's. and sittfata in the ratio I : 2 : I.

Subsequent breeding from these plaqta showed that

both the sinertsii and steilata which appeared in the

F
s

generation bred true, while the Intermediates

Figl rt

PrilTi-'la ilrs VBT4 :u iTIoCnlc lVc i::lc:m=siii. Ic Millie Of LL: Tm

m lluvri vrtlisL iik&illi

ij £r»Hd ^b#rriyt*Lr^

always gave al: three forms again in the same

properties But though there is tio dominance

of the character of either parent in such, a case as

this, the Mandeliar. priaciole ot" segregation could

hardly have a better illustration,

Among birds a case of similar nature is that of

the Blue Andalusian fowl, Panders have lung
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recognised the d [faculty of gelling this variety to

breed true. Of a slaty blue colour itself with

darker hackles and with black lacing Ofl the

feathers of the breast, it always. Throws - wasters
,r

of two kinds, viz. tJacks,, and whites splashed with

black. Careful breeding from the titles shows that

ibe three soils are atways p reduced in the same

Blue X Blit

White

Biack piick BLw; BLje White. Whitt

Bkrfc >i
— White

Blue
(Rtl)

definite proportions, vis, one black, two blocs, one

splashed white. This at once suggests that the

bLatk and the splashed white are the LwO hom.OT.y-

guus forms, and that the blues arc huterozygouSj r>.

?
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producing equal numbers of “‘black'" and “white

spread " gambles, Tne view was tested by breed

-

jn^ the " wasters " together—black with black* and

Splashed white with splashed white—and it was

found that each bred true to its respective type.

But when the black and the splashed white were

crossed they gave, as was expected,, nothing but

blues. la other words, wo have the seeming parados

of ihs black arid the splashed white producing twice

as many blues as do the blues when bred together.

The black and the splashed white “ wasters " are

[1 .reality the: pmc breeds, while the i:
ptrn:

11

Blue

Andalusian is a mongrel which no amount of Selec-

tion will ever be able to fix-

In such cases as this it is obvious th&t we cannot

speak of dominance. And with the disappearance

of this phenomenon Wft lose one criterion for deter-

mining which of the two i^rent forms possesses the

additional factor. Are we
s

fo: example, to regard

the black Andalusian as a splashed white to which

has been added a double dose of a colour-intensifying

factor, or are we to consider the white splashed

bird as a black which is unable to show its true

pigmentation owing to the possession of some

inhibiting factor which prevents the manifestation

of the black- Either interpretation fits the facts

equally well, and until further experiments have

been devised and carried out Et is not possible to

decide which is the correct view.

Besides these comparatively rare cases where the

heterozygote cannot be said to bear a closer re-

semblance to one parent more than to the Other,,

there ire cases LlI which i: is often possible to draw
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a visible distirlcUon between the beterazygote an?!

the pure dominant, There are certain white breeds

of poultry, notably the White Leghorn, in which the

white behaves as a dominant to dolour. Bui the

heterozygous whites marie by crossing the dominant

white birds with a pure coloured form [such as the

Brown Leghorn) almost invariably show a few

colon red feathers or “ticks" in their plumage. The
dominance of white is not quite complete, and renders

it possible to distinguish the pure from the impure

dominant without recourse. to breeding ejiperittienta.

This rase of the dominant white fnw] opens op

another interesting problem In cOniLectiorl with

dominance, By accepting tire Presence and Absence

hypothesis we are committed to the view that the

dominant lorm possesses an c^ttra factor as Com-

pared with the recessive. The natural way of

looking at this case of the fowl Ea to regard white

as the absence of colour. But were this so, colour

should he dominant to white, which is not the case.

Wo arc therefore forced to suppose that the absence

of colotr in this instance is due to the presence of

a factor whose property is to- inhibit the production

of colour in what would otherwise be a pure coloured

bird. On this view the dominant white fowl Is a

coloured bird plus <i factor which inhibits the de-

velopment of the colour. The view can be put to

the test of experiment. We have already seen that

there are other white fowls in which while is reces-

sive to colour, and that the whiteness of SIKh bird-1
;

is due to the fact that they tack a factor for the

development of colour. If we denote, this factor by

C and our postulated inhibitot factor in the dominant
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white bird by /, then we must write the constitution

of the recessive white aj wii, and the dominant white

as CCH- We may now work out the results we

ought to obtain when a cross is made between those

two pure white breeds The constitution of the F
1

hind most be Celt. Such birds being heterozygous

for the inhibitor factor, siiQUld be whites showing

some coloured “ ticks." Being1 heterozygous for

both of Lhe two factors c and they will produce

jn equal numbers the four different sorts of gametes

CI, Ci\
ej, a. The result of bringing two such

similar series of gametes together is shown hr Fig.

i $. Out of the Sixteen squares, twelve contain /
these will be white birds either with or without a few

coloured ticks

CE Cl Cl Cl Three contain C
01 Cj cl w

but not /; these

must be coloured

~CL Ci '$$$ C: Ci
|||||

birds. One con-
^ tains neither C nor

j§||||||| iplilll ^ i this must be a

d cl el el white. From such
^ ® c[ a a mating wrought,

therefore, to obtain

fl d ||§§|1 ci |ri both white and
C1 IgJl Cl d coloured birds in

the ratio I J r 3.

The results thus

'.

" ' i
' theoretically de-

Durrani iu lUir-i irate the rtalurc ul ike Fi, i^cn=t~aL>-?r:
*m pfc cm te5«Mi damiianE «Ihk aid dliCCO WQI'C TQUfld

¥&JDf Ifiwli.

to accord with the

actual faces of experiment. The F birds were all

14

tidied"' whites, and in the F
s
generation came white
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fLt-irl coloured birds in the expected ratio, There seems,,

therefore, little reason to do^ht that the dominant

white is is. coloured bird in which the absence of

colour is due to the action of it colour* inhibiting

factor, though as to the nature of that factor we can

Fst i_i

.

Em» nr !iiz.-.iEO -f an- Viin^iL Tht t-bikj- li i GandilMd is- aflm'jtSTiT

i-.' itvf (xirdwl-

at present make no surmise, Et L5 probable that

Other facts, which at first Si^ht do not appear to be

in agreement with the ' Presence and Absence n

hypothesis* will eventually be brouREit into line

through the action of inhibitor factor*. Such a
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Case, fer Instance, is that of bearded and beardless

wheats, Though the beard is obviously th$ zdijl-

tional cliaracter, the bearded condition is recessive to

the beardless. Probably we ought to regard the

beurd1es=: as a bearded wheat fn which there- Se so
inhibitor lhat slops the heard from growing, [t is

not unlikely that ua time goes on we shall find

many more such eases of tbe action of Inhibitor

factors, and we must be prepared to find that the

sama visible effect may be produced either by

Lhe addition or by Lhe omission of a factor. The
dominant and recessive white poultry' arc End i still-

guishable in appearance, Vet the one contains a

factor more and the other a factor Jess than the

coloured bird,

A phenomenon sometimes termed irregularity of

dominance- has been investigated in a few cases.

In certain breeds of poultry such as Dcrkinga there

occurs: an extra toS directed backwards like the hallux

{c£ Fig. I §). In some families this character behaves

OS an ordinary dominant to the normal, giving the

expected 3 : I ratio [[1 Ff Blit in other famEJies

similarly bred the proportions of birds with and with-

out the extra toe appear to be unusual. It has

teen shown that in such. a family some of the hirds

without the extra toe may nevertheless transmit the

peculiarity when mated with birds brlojigiog LO

strams in which. Lbe extra toe never occurs. Though

the external appearance of the bird generally affords

some indication of the nature of the gametes which

it ls carrying, Lhis is not always the case.. Nevertheless

we have reason to suppose that the cbfiriCtC] scgi'Cgatcs

in the gametes, though the nature of these cannot
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alwiy.R be decided, from :hc appearance of the bird

Which bears them.

There arc eases in which an apparent irregularity

of dominance has been shown to depend Upon

another character; 33 in the experiments with sheep

carried ant by Piofe&oO* Wood. In these experi-

ments two breeds were crowed, of which one, the

Doiselj is horned in both sexes, while the other,

the Suffolk, is without horns in cither sCx. Which-

ever way the cross was made the resulting F
t

generation was simitar; the rams were horned, and

the ewes were hornless In The F
£
generation iftised

from these F animals both horned and hornless

types appeared in bgih sexes bid in very different pro-

portions, While l ho homed rajnS were obout three

Limes as numerous as the hornless, this relation was

reversed among the fernlies, in which the homed

formed only about one-quarter of the total. The

si molest explanation of this interesting case is to
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suppose that the dora inane? of the homed character

depends upon the sex of the animal—that it is

dominant in the male, but recessive in the female, A
pretty experiment was devisee for putting this view to

the tese If it w true, equal numbers of gametes with

end without the homed Factor must be produced hy the

F. ewes, while the factor should be Lacking; ini all the

gametes of the hornless Fa tailJS> A hornless nm,

Dnnvht U- it

ft.ITTt Eite

i xQ
SurfaLk Dorset

Ram Ewe
£ x *

(PJ
5'XdJ 4

I I —

i

« 4 9 S
Pci. e*.

S-I':::'i: to itUflrAlE Sht iflhdnLAfltt fflf Sdixi c Uinp. " r L : : r : j |
I
-1 "r sintcil iiivrn

Ur I: wfc - wtrii*i*cr, hrrtmfyffiiu linules. llxhi vi:h k dukVj.» Sr. ih^etnut

therefore, put to a lock ot" F„ ewes should give rise to

equal numbers of zygotes which sre heterozygous

for the horned ch&raeter, and of zygotes in which it is

completely absent. And since die heterozygous

males are homed,, white she heterozygous females

are hornless, we should expect from this mating

equal num bers of horned and hornless ram s, hut .Only

hornless ewes- The result of the experiment con-

firm etl this OKpectation. Of the ram lambs 9 wax
horned and S were hornless, while all the tl ewe
lambs were completely destitute of horns,.
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CHAPTER Vin

WELD FORMS AND D0MBST] C VARIETIES

IFJ discussing the pbrmcimena oJ reversion we have

seen that in most cases such revereion OCCUrS when
the two wisties which bile crossed each contain

cerCsm factors Hacking in the other, of which the

ful] complement is necessity for the production

of the reversionary wild form. This at OUCO suggests

the idea that the various domestic forms of animals

and plants have arisen by the omission tVnm time

to time of this factor or of that In sonic casts

we have clear evidence that This is Ibn most

natural interpretation of the relation between the

cultivated and the wild forms* Probably the species

io which it is most evident is tbc sweet-pea [Lttffyywf

od&ratus). We have already seen reason to suppose

that as regards certain structural features the Bush
variety is a wild Lacking the factor for the pro-

cumbent habit, that the Cupid is a wild without

the fadLor for the Long; internode, and that the

Bush Cupid is a wild minus both these factors. Nor
is the evidence SfcES clear for the many colour

varieties. In illustration we may consider in -more

detail a case in which the cross between two whites
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rcsulted in 3- complete reversion to the purple oylour

characteristic of the wild Sicilian form {PL I V. In

this particular instance subsequent breeding from the

purples resulted in the production of six different

colour terms in addition to whites. The proportion

of the coloured forms to the whites was 9-7
(ef, p. 41), but it Is with the relation of the six

coloured forms that we are concerned here. Of

these six forms, iht-ce were purples anrl three were

reds* The three purple forms were (l) the wild

tricolor purple with blue wings known in cultivation

as the Purple Invincible (PL IV., 4); (5) a deep

purple with purple wingfi (FL IV., 5) ;
and (t) a vary

dilute puiple known as the P'cotcc (Tf. IV.., 6). Cor-

respond log: to these three purple forms were three reds t

(1)

2. bicolor red known as Fainted, Lady (FL IV., 7) j

(2) a deeo red with red wings known as Miss Hunt

(PI. IV.,
t
S); acid {3) a very pa la red which we have

termed Tinged White 1
(PI. IV., 9). In the F,

generation the Lota number cF purples bore to the

total number of reds the ratio 3: i, arid this ratio

was maintained for eadi Ot" the Corresponding classes.

Purple, therefore, is dominant to red, and each of the

three classe? of red differs from Its corresponding

purple in not possessing the blue factor (£) which

turns ii into purple. Again, the proportion in which

the three classes of purples appeared was 5 bicolori,

3 d«p purples, 4 picoteesc We are, therefore, con-

cerned here with the operation of two factors

:

[i) a light wing Factor, which renders the bicolor

1
Tli« rraUer V*1id XLrdiei flcc.sls.’ Lnl.nkiyi.Ti9 for UlCflC VAtieiKl wllf

p-rihably Experience diuppraiiUmcnL Tht ivTCfOpsi. Iils vs_n cisdi

" ImvinfVtd'" lb die pnit feu,- yujirs, mi It Ii ualikeljr iliii- i'.o atodsrn

jcsdaraan Timid Lise sa oh vm.buh.iDDable ibmn,
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dominant ro the dark winged form
;
and (2} a factor

for intense colour, which occurs in the btcolnr and [n

ibe deep purple, but is tacking in the dilute pEcstee.

And here it should be mentioned that these con-

clusions nest Upon an exhaustive $sL of experiments

involving the breeding of many thousands of plants.

In this cross, therefore, we Are concerned with the

presence or absence of nvc factors, which we maj-

denote as follows

A colour bast, If.

A CL>]ij'ir dtvd&per, C.

A purple factor, if,

A light wir,|r factor, L
A latter for intense colour, Ir

On this notation OU.r six coloured forms arc

—

^]) Purple bidder „ . . <7JSBJ.f*

() Deep perpie CRBII.

(?) Picntee .... CRSiJ or CRBli
.(4) RedhicolcT(= PaintfldLsdy) CRbLL
(5) 33«? red

(
= Miss Meat) . CFMl.

() Tinged white . , . CRbLi or CRM.

It win be uOltced in this series that the various

Coloured fortes can be expressed by the omission of

one or more factors from the purplo bieofor of the

wild type. With the complete otruisson uf each

factor 0 new colour type results, and it ts difficult

10 resist the inference that the various cultivated

forms of the sweet -pea have ariosi from the wild

by some process of this kind. Such a view tallies

with what we know of the behaviour of the wild

c
1: in be Gncfo&rwd that sphttetw t £ven factor n vr*a*ziL the

plnitL m Vj be lion;diy£ciu ot lie :cw*i:w! far it nitlinuc altenriac. in

LtS DO IGUI.
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form when, crowed by any of the garden Varieties.

WheiCTer such crossing been made the form! of

the hybrid has been that of the wild-, thus supporting

Ihe view that the wild contains a compSele set of ah

the diflerentiatiiig factors which are to be found in the

sweet-pea

.

Moreover, this view is in harmony With SUcn

historical evidence as is to be gleaned from botanical

literature, and from, old seedsmen's catalogues. The

wild sweet -peA firs-t reached this country lift I <?££.,

having been sent from Sicily by the monk Frauclscus

Cupani as a present to a certain Dr. Uvedale in the

county of Middlesex. Somewhat Seder we hear of

two new varieties, the rad bi color, or Painted Lady,

and the white, each of which may he regarded as

having * sported
n from the wisd purple by the

omission of the purple factor, or of one of the two

colour factors, fn T7Q3 we find a seedsman offering

also whit he called black acnl scarlet varieties. It is

probable that lhes^ were our deep purple and M
Hunt varieties, and that- somewhere about this time

the factor for the Ji^bit whig {£) was dropped out hi

certain plants. In tSdo we have evidence that the

uale purple or PEcotee, and with, it doubtless the

Tinged White, had come into existence. This time

it was the factor for intense colour which had

dropped out, Aod so the story g-OOS cm until the

present day, and it is now possible to express by

the same simple method the relation of the modern

shades, of purples and reds, of blues and pinks, of

hooded ftsttJ wavy standards, to one another and

to the original wild form, The constitution of many

of these has now been worked out, and to-day it
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would be A simple Chough perliaps tedious task to

denote all the different varieties by a scries of letters

indicating the factors which they contain, instead of

by the present system of calling them after king's

and queens, aild famous gorieralsj and ladies more or

leas well known,

From what we know of the history of the various

strains of SWeel-ptlS one thing stand!: out clearly.

Til* new character does not arise from a pre-existing

variety by any process cf gradual selection* conscious

or otherwise- It turns up suddenly complete in

stsetf. and thereafter it can be associated, by creasing

with other existing characters to produce a. gamut
of new varieties. If, far example* die character of

hooding in the Standard {c£ PI. IL, 7) suddcr.ly

turned sjp in such a family as that shown on Plate

] V\, we should be able to get a hooded form corre-

sponding Lo Cadi of the forms with the erect stan-

dard
;

in other words, the arrival of the new form

would give us the possibility of fourteen varieties

instead of seven. As we know, the hooded char-

acter already exists. IL is recessive to the erect

standard, and tve have reason to suppose that it

arose as 0 sudden sport by the omission of the (actor

in whose presence the Standard assumes the erect

shape characteristic of the wild flower. It is largely

by keeping his eyes open and seizing upon such

sports for crossing purposes that the horticulturist

“improves™ the plants with which he deals:. How
these sports or mut&tio-ua come about we can

new surmise. They must owe their origin to a

disturbance in the processes of celt division through

which the pametes- originate. At some Stage Of
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other the normal equal distribution of the various

factors is upset, and some of the gametes receive

it factor less that! Others From the union of two

such gametes-, provided tEioL they are stilt capable

of fertilisation, comes the zygote which, in course of

growth develops the new character.

Why these mutations arisen what leads to the

surmised unequal division of the gametes i of this

we know practical ly nothing. Nor until we can

indues the production of mutations at will are we

likely to understand the conditions which govern

their formation- Nevertheless there are already

hints scattered about the recent istejacure of experi-

mental biology which lead lls to hope that w; may
know more of these matters in the future.

In respect of the evolution of its now multi-

tudinous varieties^ the Story of the SWfrfit-pea is

Cle^r and straLghtforward. These have all arisen

from iEls wild by -a process of continuous loss,

Everything was there in the beginning, and as the

wfSd plant parted with factor after factor there came
into being the long scries of derived forjpa. Exquisite

as are the results of civilisation, it is by the degrada

tion of the wild that they have been brought about.

How far arc we justified tn regarding this as a

picture of the manner in which evolution works }

There are certainly other species in which we
must suppose that this :s the way that the various,

domesticated forms have arisen. Such, for example,,

is the eise in the rabbit, where most of the colour

varieties Art rCceSsive to Lhe wild agouti form. Such

also is the case in the rat, where the hlaeh and albino

varieties and the various pattern forms am a^u reces-
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rive tc rhe wild agouti type. And with the excep-

tion of a certain yellow variety to which we shall

refer later, such 13 -dsn the ease with the many fancy

varieties of mice,

MsvetthcJess tbeie are other cases in which we

nsUSL Suppose evolution, to have proceeded by the

Interpolation of characters. In discussing- reversion

on crossing, we have already seen that this may not

occur until the F
(
generation

t
as, for example, lit the

Instance of the fowls' combs (cp. p. 50). The rever-

sion to the single comb occurred as the result of the

removal of the two factors for rose- Brid pea. These

two domesticated varieties must be regarded as each

possessing an additional factor in comparison with

the wild single-combed bird. During the evolution

of the fowl, these two factors most be conceived of

as having been interpolated in some way. And the

same bolds gMd for I he inhibitory factor on which,

as wc have seen, the dominant white character of

certain poultry depends. In pigeons
h

too, if we

regJF-d the btue reel: as the ancestor of the domesti-

cated breeds, we must suppose that an additional

melanit factor has arisen at .some stage. For we

have already seen that black is dominant to blue,

and the character; of F, . together w ith t he greater

number of blacks than blues in F „ negatives the

possibility that we are here dealing with an inhibitory

factor. The hornless or polled condition of cattle,

again, is dominant to the horned condition, and if,

as .seems reasonable, we regard the original ancestors

of domestic cattle as having been; horned, we have

hfite again the interpolation of an inhibitory factor

somewhere In the CdUrsfr of evolution.
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On tile whole, therefore, WC must be prepared to

that the evolution of domestic varieties mjy

come about by a proofs of addition Of factors in

some cases atld of subtraction in others. IL may be

that what we tentt additional factors fall Into distinct

categories from the test. So far, experiment Seems

to show that they arc either of the mature of mtlank

factors, or of inhibitory factors, or of reduplication

factors as in the case of the fowls' combs. But while

the data remain SO scanty, Speculation in these

matters is too hwardolts to be profitable-



CHAPTER IX

REFULS!Q-Y AND COUPLING OF FACTORS

Although different factors may act together to

produce speeiitc results In true zygote through their

i nteiaction, yet in all the cases we have hitherto

considered the heredity el' each OF the different factors

is entirety independent. The interaction of the

factors affect die characters of the zygote, but makes
no difference to the distribution of the separate

factors, which is always in strict BOMrdarttt with

the ordinary tfendelian scheme. Each factor m
this respect beEiav-ss as though the other were not

presents

A few cases have been worlied out in which the

distribution of the different factors to the gametes

is afiected l>y their simidtaoeous presence in the

zygote, And the influence which they are able to

exert upon one another in such cases Is Of two kinds.

They may repei one another, refusing, as it were, to

enter into the same zygobe
t
or they may attract one

another, and, becoming linked together, j>&£5 into

the same gamete, as it were, by preference. For the

moment we may consider Lhese two sets of pheno-

mena apart.

ii G
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One <nf the bifst il lustratione OS repulsion between

factors occurs in the sweet-pel. We have already

seen that the loss of the blue or purple laclor (B)

from the wild bicolor Ifesults in the formation of the

red bicolor known as Painted Lady (FI- IV., y).

Further, we have seen that the hooded Standard

is recessive to the ordinary erect standard. The

omission of the factor for the erect standard (_E)

from the purple bfoofor (PL fI.
N j) results in a

hooded purple known as Duke of Westminster (PI,

II., ?)r And here it should he mentioned that

in the corresponding hooded forms the difference in

colour between the wings and standard is not nearly

50 marked as in tEie forms with, the erect standard,

but the difference In structure appears to affect the

colour, which becomes nearly uniform. This may

he readily seen by comparing the picture of the

purpte bitdor on Plate II, with that of the Duke

of Westminster flower.

Now when a Duke of Westminster is mated with

a painted Lady the factor for erect standard [£} e£

brought in by the red, and that for blue (B) by the

Duke, and Lhe offspring are ccnseqaenliy all purple

hiedors. Purples SO formed are all heterozygous

for these two factors, and were the case a simple one,

such as those which have already been discussed,

we should expect the F
2
generation to consist oF I he

four forms erect' purple, hooded purple, erect red,

Aon hooded red in the ratio p ; J r 3 : t- Sued, how-

ever, is not the case. The F,. generation actually'

consists of only three forms, vis. erect red, erect

purple, and hooded purple
r
and the rado in which

these three forms occur is ] : 2 1 I . No hooded tsd
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has been known To Occur in such 1 family. More-
over, further breeding

1

shows that while the erect

reds and the hooded purples always breed true, the

erect purples in such families mfinr breed true, but

Painted Lady
i'lc ^Li. jtdj

Dukt oF WestEib’.s.'Der

(jiviijrtrirl pwrpkh

PaniicInTliLci'h'r

(erect purple}

Pl-l-LkJ

Lady
M

Purple Imrinciblc

1

Duke of

‘WestrciziaUir

(I)

always behave like the originn! F
1
plant, giving the

three forms again in the ratio t 121 1 . Yet we
know that there is no difficulty in getting purple

bicolors to breed true from other families
;
and we

know also Lhat hooded red sweet peas exist in other

strains.

On the assumption rtn=-t there crista a fepulikm

between the factors for erect standard and blue in

a plant which is heterozygous for bath, this peculiar

case receives a simple explanation. The constitutions

of the erect ted and the hooded purpic are EEbb
and eiBB respectively, and, that of the Fj erect

purple :S EiBb. Now let us suppose that in such a

zygats there exists a repulsion between R and B>

such chat when tbe plant forms gametes these LwO

factors will not ga into the same gamete. On this

view it can Only form two kinds of gamercs, vis. Eh

and sB
t
and these, of course, will be formed in equal

numbers, fjueh a plant on seif-fertilisation rntiii

give the zygotic series EEbb + 7 R.eBb + eeBB, i.e.
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[ erect red, 3 erect purples, and. E hooded purple.

And because the erect reds and the hooded purples,

arc respectively homozygous for E end E
t they

must thenceforward breed true. The erecL purples,

or. the other hand, being always formed by the

union of a gamete Eb with a gamete eE, are always

heterozygous for both of these factors. They can,

consequently, never breed true, but must always give

erect reds, erect purples, and hooded purples in the

EE-Vj

/\
£b Eb

unUh’ Pajtnts

/\
&B ?& pirHelffi

BeBb

*»

i3

u
"i

.n
Frl gtfaera.lj.an

ratio 1 : 2 : 1. The experimental facts art readily

explained on the assumption of repulsion between

the two factors B and E during the formation of the

gametes ifl a plant which is heterozygous for boll]

Other similar case* of factorial repulsion have

beers demonstrated in the SWcet- pea., and two of

these are also concerned with the two factors with

which we have just been dealing. Two distinct

varieties of pollen grains occur in this Specie!, viz.

the ordinary oblong form and a rather smaller

rounded grain- The former is dominant to the
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latter.
1 When Si cross Is made between a purple

with found pollen and a red with lon^ pollen the

Fj plant is a long pollened purple, But the F
generattan tonsil of purples iMth round pollen,

purples with l0;’ig pollen, ar.d reds wifJt long pollen

m the ratio 1:2:1, No red with round pollen

appears in F\ awing to repulsion beLween the' factors

for purple (S) and for long pollen (L). Similarly

piaolS prodtKsd by crossing a red hooded long with

b. red round having an erect standard give in

Fj long pollened reds with, an erect Standard, and
these in F. produce the three types round pollened

erect, tong pollened crecr, and long pollened hooded
in Lite ratio T ; 2 : ] r 1 he repulsion here jg between
the long pollen factor (L) and the factor for the

erect standard (fi).

Yet another similar case is known in which we>

Aft concerned with quite different fartars. In some
sweet-peas Ihe axils whence the leaves and ilower-

stalks spring from the main at cun [m; of a deep red

colour. In others they are grten. The dark

pigmented axil is dominant iu the light onc r Again,

in 50ffl£ sweet-peas the anthers arc sterile. Selling no

pollen, atnl this condition is recessive to the ordinary

fertile condition, When a sterile plant with a dark

axil is crossed by a fertile plant with a light axil, the

F, plants are all iertile. With dark axils. But sucS:

plants id Fj give ferities with light axils, fertiles

with dark axils, and, stcrilca with dark axih in the

ratio 1 :2 : l. No light aKlIled gteriLcs appear from
1 It inydd b= T.TKiLion«d ilia? at :tw atiap: aF the poljen huE,

like iJia: of i he jp*rl \a t iuStCrniLcharicrir, aJI rh-r gjaifli of imp
IF«a Jil*»r *ir either twig ur efse round. The t*e kind* do do!.

Glciie 'u^eiiier on die jan: plir.i.
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sudl a cross owjfig to the repulsion betwce n The

[actor for dark axil (JJ) and that for the fertile

anther {Fs

These four coses have already been found in the

sweet -pee, ana tdiniiar phenomena have been met

with liy Gregory in primula?- To certain seemingly

analogous cases in animals where is concerned

we ahalS refer later.

No\a all of these four cases present a common

feature which probably has not escaped the attention

of the reader. In all of them the vrigixai cross

WHS sash as in introduce cm >:/ the refitting fmtors

with auk qf the faro parents. If we denote oar two

factors by A anrt B, the crosses have always been

of the nature A Ak& X aaBB. Let US now consider

what happens when both of the factors, which in

these cases rape: one another, arc introduced by one

of the parents, and neither by Lhe ether parent.

And ill particular we will take the case m which we

are concerned with purple and red flower colour,

and with long and round pollen, U with the factors

B and. L. When a purple iong (BELL

)

la crossed

with a red round (btrf?) the p! {B&U} is a purple with

long pollen, identical :n appearance with that produced

by crossing the long pollened red with the round

pdlencii purple, Put the nature of the F, generation

is In same respects very different, The ratio of

pOrples to reds and of longs to rounds is in each case

3 : i
s
as before. But instead of an association

between Lhe fed and the long pollen characters the

reverse h the case. The long pollen character is

now associated with purple and the round pollen

with red. The association, however, is noL quite
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uomplece, and the examination of a Larg^ i^unntity of

similarly bred material shows that the purp'c longs

are about twelve tidies as numerous as the purple

founds, while the Teel rounds are rather more than three

times as many as the red longs. Now this peculiar

result could he brought about IF the gametic

scries produced by the F, plant consisted of

7 BL -+- 1 Bl-f- 1 bL'bi M out of every t 6 gametes.

Fertilisation between two such similar series of 1

6

gametes would result En 256 plants, of which 177
would bo purple longs, 1 5

purple rounds, 1 5 n?d

longs, and 45- red rounds—a proportion of tit*

four different kinds very do&5 to that actually

found by experiment U will be noticed that in

the whpk family the purples are to the reds as 3 ; I,

and Lhe longs are also three times as numerous a3

the rounds. Toe peculiarity of the case lies in the

distribution of these two characters with regard to

one another- In Mine way Or Other the factors for

hhifi a rid for lung pollen become linked together

in the cell divisions that give rise to the gametes,

but the linking Es not complete. This' holds good
for all the four cases in which repulsion between the

factors occurs when one of the two factors is intro-

duced by each of the parents. When both fif tki

factors an brought jttio thtt erej-j by the same parent

Wt get eeupttHg ttehvan then: instead 0/ repulsion.

I he phenomena of repulsion and coupling' between

separate factors arc intimately related, though

hitherto we have not been able to suggest why this

should be sa

Nor for the present can we suggest why certain

factors shoujd be linked together in the peculiar
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tvfty that wi have reason to suppose that they are

during the process of the formation of 'tie pametes.,

Nevertheless the phenomena ant very definite;, and it

is not unlikely that a further study of them rnay

throw important light on the architecture of the

living' cell.

APPENDIX TO CHAPTER IX

As ; l in peusible that Home reader * may care, in spite of

its complexity, to enter rvthtr more fully into the pteiiLiai

phenomenon of the coupling of characters, I have brought

together seme farther data in this Appendix. In the case

vc have already considered, where the fattens for blue

colour mid ]nrg pollen ore eonOSmed, we have been led to

suppose that the gauoetcs produced by the heterozygous;

plant art of th* nature j BL ; r Bin bL ; ? bh Such a

scries of ovules fertilised by a sirndar series of pollen

grains will give a generation of IHc following com-
position .

—

BBLL + 7 BBU+ 7 BbLL +a BbLi
+ 7 BBU+i Bi-LL - Bi/Ll

+ BiU
+ 49 B)>&

y _r_, L. i

I?" purple. lur.g

-tBBH+ 7 BIU+MLL + 7 i£>U+ 4 y MU
+ 7 BhH + 7 ML!

15 purple, 1 1 rsd
k 4yied,

round Pong round

and as this thenredeal result fits deadly with the actual

figures obtained by experiment we have reosoh fen

sup’ losing that the heterozygous plant produces a scries of

gametes in which the factors are coupled in this way. Tire

intensity of the coupling, however, varies in different oases.

Where vre are dealing with another, via. fertility [B) and
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the dark axil (/?) the experimental numbers accord with

t 5ie v.cw that the gametic ser ies is hCTe rg FD ; i J-H

:

i JX) ; e 5 fA. The coupling [5 in Lb is instance mote

Intense. In trie case (if line erect standard [£) and Like-

ness (B't the coupling is even more intense, ond the

experi mental evidence available ai pMsetU paints to the

giamenc series hae being 6,} £B t £v : r iB : 63 n'>. There

is evidence also for supping tlmt the Intensity ef the

coupling may vary in different families for the same pair of

factors. The coupling between Mae and long poUcn is

ginSt'ally &a the j : 1 . 1 : 7 basis, but in some eases ic may
be 00 the 15 : t ; t 15 baiii. But though, the intensity

of the coupling may vary at varies in an orderly way. If

A and B ar-e the t*& ftctOH concerned, the result* obtained

in T'i are explicable on the assumption that the ratio of the

four sorts of gametes jiioduced is a Lena of ihe series

—

3 A

*

3 *b

7 ,iSB+A6 + sB - 7

ij AB I Ap Ha/f-i- li si, etc., tic.

Ira such a series the number of gnm^tes containing A Li

equal to she number Lacking A, and the same is tree for

B. Consequently the number of sygdtes formed contain-

ing A is three times -as fire at ns the number of zygotes which

do not contain A ', rind similarly fr>j B. The proportion

of dominant to rects&ives in each case Ie 3 : r. It is

only in the distribution of ihe characters with, relation to

one another that these cases differ from a rimpte Mindoliau

ease.

As the study of these scries presents another feature of

soaie interest, we may consider it in a Little more detail.

Iu the accompanying table nm sot out the results produced

by these dififereiLt aeries of gametes The senes marked

by an asterisk have already been demonstrated esperir

mentally. Tbe first term in the scries-, in whi ch nil the four

kinds of gametes are produced in equal numbers, is, of

enurse, that of a simple Mendel ian Case where no coupling,

occurs,
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hk
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OaJr-JuLbn Dl^

Ficwrs i> Otn^ic
icici.

r4& <?>.\ *K, nA
a e i : 1 : 1

3iiM '3
7 S 1 i * 2 7
15 : 1 : 1 r ig

3 e : a . 1 : 31

: 1 : 1 - fij

4* — I
)

! I ! E K-Tl i*

Fiira. of t'i Giiitrodu:.

AH, At- a Ei,

9 3 3 i

tfl 7 7 9
>77 >1 l5 49m 5* ir E 25

63 A U E

nisi
311 * -ijajd -

9B7

[ \
(e-II — I

JE7

1 tan=- i|

S9*S
fl* - ,.2J(

Now, as the table allows, Ji ig possible Co express the

gametic series by a general formula (k + 1) AB - Al - sB +
(n - 1) where a® U th# total number of the gametes in the

soi its. A plant producing such a "eri^ of gametes gives

rise to a family of ijgotes in which gn2 — — 1) show

both. cF the dominant characters a:id ^ — (sn—lj shew

,,>Oth of Uli# recessive characters, while the number of the

two classes which each *Wn.- one" of Lha two domir.anLs is

(zji-j). When ii. such 1 scries the coupling becomes

closet che vilufi of w. jnerfrasss, but in eompatLson wiili fl-

its value becomes Less and .cssl The Larger *t becomes

the mote negligible is its value relatively to nh If, there-

fore, Lhe coupling were very close, the series jfj
5 - {?» - 1) :

(a ft - 1)
: {

jw - i) ; n* (sji - 1) weald approximate mot#
and more co the series s?r t.e. Lo a simp!# 3 :t ratio,

Though the point ia ptobahly of more iheorcLicaj than

practical interest, it is net impossible that Settle of she cases

which have hiLiioiLo been regaidcd as foltowing a simple

3 1 1 ratio w-.Li mra emt on forth sr ^niilysis to belong to this

complicated schema.



CHAPTER X

SEX

In their amplest expression the phenomena ex-

hibited by Mendel ian character are sharp and dean

CLlt, Clean cut and sharp ai£0 are the phenomena

of &ex- It was. natural, therefore, that a comparison

should have been early instituted between these two

sets of phenomena. .As ii general rule, the cross

between a male and a female results in the produc-

tion of the two sexes in approximately equal

numbers. The cross between a heterozygous domin-

ant and a re&e&sive also leads ro equal numbers of

receasivea and of heterozygous domi Rants. Is it

nct r therefore, possible that one of the sexes- is

heterozygous for a factor which is lacking in the

Other, and that the presence Or absence of this factor

determines the sex of the *ygate ? The results of

some reoenc experiments would appear to justify

this interpretation, at arty rare in particular eases.

Of these, the simplest is that of the common currant

moth [Afimxas grussvbiriiite}, of which there exists

a pale variety (Fig. I y) known as lacti&hfr. The

experiments of Doncaster arid Raynor showed that

the variety behaved as a simple recessive to the

9 ]
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normal form. But the distribution of the dominants

and reocasivGS with regard to the sexes was peculiar.

The originaL cross w4S between a fcma.c

and a normaS male. All the F, moths of both sexes

F:j. E7-

. j'-Ljo-' J''
: uI'jnjji

,
i": : tiKECuri dunLiiL dis!h, u::_ (uc :lsc ri^liLJ- in jiait:

htt/ievb* i.iLtLj.

ivere of the normal ^r&smlsricta type. The F
3

[sect* were then paired together and g4V£ a

generation consisting of 3 norma, : l lactiz&ler. But

all the lactic&iar were female^ arid all the roaEes

LjCtkaEM X GrgssuliriaUi

I p

Lict.tf X Gr$ X Gr.d X Lad. V

God LacU? Gr.d Gr.d Gr,? Lact.5 G-r^Lant-d Cr,9 LmL-2

were od the normal pattern, Jt was, however* found

possible to obtain the UdHdier male by mating a

Jaeliatfor female with the F
x
male, The family result-

ing from this cross consisted of normal males and
normal fcmalcs, lar.finQlar males and tarticctlor females,
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and the four sorts urere produced in approx innately

equal nitmUere., Irt sucb a family there was no

special association of either of the two colour

varieties with one kx rather than the oilier. But

the reverse cross, f*"
F

female by lacti&lor male, gave

a very different result. As in the previous cross,

such families contained equal numbers of the normal

form and of the recessive variety. But all of the

norma! gwfsifdariata were males, while all the lacii-

c&for were females. Now this seemingly complex,

collection of facts U readily explained [f we make

che following three assumptions ;—

(1) The grcssvlay iata character (£T) is dominant

to the l&tticdw character i^-'l This is obviously

justified by the experiment?, for, leaving the sex

distribution out of account, we get the expected

,3

1

I ritks from P| Y F., and also the expected ratio

o-t equality when tSie feeterozygote is crossed with

the recessive.

(2) The female is beterozygOu 5 for a dominant

factor {_F) Which is lack Eng in the male. The con-

stitution of a female is consequently Fj\ and of a

male. ff. This assumption is in harmony with the

fact that the soffCS are produced in approximately

cquai numbe-us.

(3) There exists repulsion between the fac:ors

0 and F in a ivgote which is heterosygous for

them both. Such zygotes \FfGg) must always he

females, and on chis- assumption will produce gametes

Fg andJG m equal number's.

We may now construct a scheme for com-

parison with that on page $2 to show bow these

assumptions explain the experimental results. The
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original patents were faaicdzr female and jreww-

hriaia male, which on OUr assumptions must be

Ffgg and f/GG respectively in constitution. Since

the female is always heterozygous for i% her gametes

must be of two kinds, viz, Fg and fg, while those of

the pure grossutarutt# male mu it be a -i fC- Whe n

an cvWLtl Fg is fertilised by a. spermatozoon /G, the

Ffcff [ J]

S1n».r,{j)

HGG [rf]

ifS

[d]u%g

fg!

F:Gs[f] ffC-e [^

]

Ftffir IQ]

‘-CSfhf-®—r“G

Ffc^

m

g

tfGg

141

] ! mi 1 1

Ff£E FfGg fTGc £TGG FfGg FfEE fFGg fTeg

IS] [fl [.’] MI f SI [93 [.’] Ml
Fkj. iS.

«^e:ib bf ' H.’inn:* in ft* Fj -:::i r. icuisilittt U<Ul> = ff
I™ Ae_ :*»< «f

{nCtffflttW [inn!*, vidh rroiiffbrfaiiY ffitki T[wctinraw*r ^ iii£& IfpjLIvLl-ial _la

p^rtjBnLB^ iiv (.h: iljIH 111 cb* :la;k 1k:: 3 y-MjjyAi^.Ka in

i^-tiri/iLt und ihr- l e'nr !*» inztittfor.

resulting zygote, FJGg, is heterozygous for both F
and G, and in appearance is a female grotsidtsti^d,

The &ygOfc resulting fro:]] the fertilisation of an

ovum fg by a spermatozoon fG is heterozygous for

G, but dues not contain J*, and therefore is a male

grassatlariaia. Such i male being in constitution

f/Gg must produce gametes of two kinds,,/T? and fg*

.in causal numbers. And since we aire assuming

repuesion between /'"and G, the F
j

female being in

constitution, FfGg [JiUSt produce equal numbers of
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G cannot enter into the -Same garotte. Ttvc series

uf gametes produced by the F
1
moths, therefore, arc

fG^fg by the male and Fg,/G by the female, The

resulting F„ generation consequently consists of

the four classes of zvvotes F/gg
\
F/Gg

i f/Gg, and

JfGG itl equal numbers. In other words, the sexes

are produced iti equal numbers, the proportion of

normal grossulafialA to taetkdw is ] ; r
f
and ai! of

the 1*.actia>k-r are females
;

thaL is to say, the re-

sults worked out on oar assumptions accord with

those actually produced by es per intent. We may
now turn to the results which should he obtained

by ciOiSI rig' the Fj moths with the l&ctic&ier variety.

And first wfl will lake the cross lacttcolor female X F,

male. The gametes produced by the l&clinak-r

female WE have already seen to he Fg and fgy
while

those produced by the F, male are j'G and fg. The

bringing together of these two series of gametes must

result in equal numbers of the- four kinds of sygotes

FfGgt Ffgg,ffGg, and ffgg, i.t „ of fe male grtSiukriald

and iacJittfor, a00 of maic grassulanata ana lazlkohr

n equal numbers. Here, again, (he calculated, results

accord with those of experiment, Lastly, we may
examine what -should happen when the F, female Is.

crossed with the ituXtwfor mala. The F„ female,

owing to the repulsion between F and G, produces

only the two kinds of ove. Fg and fG
{

afid produces

(hem In equal numbers. Since the iattieder male

can contain neither F nor G, all of its sperm ul-OxOa

must hc_^: The results of such J cross, therefore,

should be to produce equal number* of the two

kinds of zygote Ffgg and jfGg, ij. of isdkdtr
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females and ut rrOSStdatiaia "ate:.-, And -his, as we

have already seen, is the actual result oe" such a cress.

Before leaving the current moth we may allude

so an interesting discovery wlllcll arose oot of these

experiments. The httfUMr variety lrl Great Britain

is a southern form and is not known to oveui In

.Scotland. Matings were made between wild Scotch

females, and ttetieMar mates. The families resulting

from such mating were precisely the same as. those

from hutkolar males and V females, viz, gwawfariata.

males and laduelar female* only. We arc, therefore,

forced to regard the constitution of the wild grossm-

lariaia female ai identical with that of the F, female,

Is, as heterozygous for the grossrflariofa factor as

well as for the factor for fssT.alcness, Though from

a region where fartitolor is unknown, the "pure ' wild

grassulariata female is nevertheless a permanent

mongrel, but it can never reveal its tme colour*

unless it is mated with a male which is either

heterozygous for G or pure l&ttfolef. And as all

the wild nurthem males arc pure for the gtvsw*

loriatp character this tart never happen in A state

of nature-

A11 essential feature of the case of the curractt

moth lies in the different results given by reciprocal

crosses. Lactitvlor female x grassulanaia male gives

gwssulariata alone of buth sexes, Bnt grossularmia

female X t&f.tifolor male gives onlygrOSSttlanaiff males

and lactimler females. Such 1 difference between

reciprocal crosses has also t>sen found in other

animate, and the experimental re?ul's, though some-

times more complicated, are explicable 00 the same

lines. An interesting case in which three factors
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arc concerned has been recently worked out in

poultry. The Silky breed of fowl? is characterised

among other peculiarities by a remarkable abundance
cf melanic pigment The skirt is dull black, while

Lbs COmb and wattles are of a deep purple colour

contrasting sharply with Lhe white plumage (PL,

V., j,). Dissection Ehcws that this black pigment
i-S widely spread throughout the body, being especially

marked in such mctnbrar.es as the ntesenCerirs, the

periosteum, and the pin mater surrounding; the brain.

It also occurs id the connective tissues among the

muscles. In the BrOwn Leghorn, on the Other

hand, this pigment is not found. Reciprocal crosses

between these two breeds pave a remarkable differ.

ecroH in result. A cross between the Silky hen aod

the Brown Leghorn

ecc'k produced F, birds,

in which both sexes

exhibited only traces

of the pigment. On
casual observation they

might have passed for

unpigmented birds, far

with- rhe exception of

an occasion^ fleck of

pigment their skin,

comb, and wattles were

as clear a.$ In the Brawn

SiHcj

f x
Bruma Lsjfbo; :i

a

? : £ —

-

i a a * f $ 1P-Ft

FXi. l«,

SUlC-nt ilir ruaiL rtf empinj; a

SiikT bo wii it UpjH-ri Ltib&rft ceet
J-iblk tat iijfbi rtIKKh SjigiTtni^)

!., .
:

:

1
1

!
qjlp 1 r : kigi:. ihiMt i i r, :

I

ni|HDatioi. TIle li^ii I lj£] i 'A Li h_ b

LliEt bic In cti± = .iJs unih
ISluflll ^n-^ent

Leghorn (PI. V., i and 4). Dissection Ttivealed the

presence of a slight amount of internal pigment

Such birds bred together gave some offspring with

the full pigmentation of the Silky, some without any

pigment, and others showing different degrees of

H
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pigment. None of the F* thole birds, however.,

showed the fid! deep pigmentation of the Silky,

When, howevstj thccr&ag was made the other way,

viz. Brown Lcg-
Br^Uctan SUkf

horn h£nxSilky
* * cock, the result

i

'

1
was different.

¥ K <£ H While the F, male

birds were almost

destitute of pig-

ment 35 in thed d
—r~

4 d t S ? ?—F*
Fkj. jn previous Cross, the

'vHIAlHE Iflr tiiult y ipjMirfl a Emin p hrriB, OO the
[*gb=m Imn wili 1

other hand, were

nearly as deeply pigmer ted A3 the pure Silky [PI. V.,

a;. J he male Siiky transmitted the pigmentation,

bt:l only to daughters. Such birds bred together

gAW an F„ generation cord airing chickE with the full

deep pigment, chick-; without pigment, a nr] chicks

with I'ariouE grades Ol" pigmentation, all the different

kinds in boi.li se^cs,

In analysing this complicated case many other

different cresses were made, bul for the present it

will he sufficient to mention but one of these, viz.

that between the. F| birds and the pure Brown
Leghorn. The cross between the F, ben and Use

Brown Leghorn cock produced only birds with a

slight anions t of pigment and birds without pigment.

And dvifl w&s true for both the deeply pigmented
and the slightly pigmented types of Fj hen. But

when the F. cock was mated jo a Brown Leghorn
hen, a definite proportion of the thicks, one in eight,

were deeply pigmented, and theit deeply pigmented
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^rrff'j' iftm? aimetys females (cf, Fig. 2 J ). And in

this respect eJI the F
(

males behaved alike, whether

they ircrc From the fciStty ben o-r tram the Silky

cock, We have, therefore, the paredov that the F,

hen, though herself deeply pigmented, cannot traps*

mit this condition to any of her offspring when site

[= mated to the unpiginented Brown Leghorn, hot

that, wrlwn sUni’srly mated, the F, cock can transput

this pigmented condition to a quartet of h is female

(Biowu L^ghorjp Sslfcy

9
|

*

jBitwnLeeh.JcJ x ¥ G? x 9 C
Brown L«lwn,i

d? 6 3 9 S 6 j ? 9 9

rtu, si,

SclwnM Ip illwran 1h* RJUil emta K| il-tiJf Itrsvn Ln-’firaxSi fcy)
wjlji lHi ”':ip Ornw|i 1-r^mr..

0 ffspri ii g though he himself is almost devoid of

pigment.

Now all these apparently complicated i'c&uUs, as

well as many others to which we have no 1

, asludedj

can be expressed by the following simple scheme.

There are three faders affecting pigment, vi7
, (ij

a pigmentation factor [PJ ;
{a) a factor which

Inhibits the production of pigment (/) ; and |j) a

facto: for fcmalcness (F), for which the female birds

are heterozygous, but which, is not present In the

males. Further, we make the assumptions (a) that

there is repulsion between J7 and I in the female

zygote and (A) that the male Brown Leghorn
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is homozygous for the inhibitor factor (/), but that

tbe hen BfOWn Leghorn is always heterozygous for

this factor just in the asms way as the fcmaSe of tile

Currant moth is always heterozygous far the gr&Ssu-

farzaia factor. We may now proceed to show how
this explanation Jits the experimental facts which

we have given.

The SEJky is pure for the pigmentation factor,

hut docs not contain the inhibitor factor. The
Brown Leghorn, on the

Other hand, contains

the i nbibitor factory h ut

not the pigmentation

factOT. [n crossing a

Silky hen with a Brown
Leghorn cock we arc

mating two birds cf the

constitution FfPPij
and ffppll, and all tiie

FfFHi "ppufd]
Ejn-'M E'P-'W

GTimirer tUMtw

FWl X /fpl
fPi /

*

,

1

Upi

FfPpli
1

rTPpli

IS] E41
Fio. 23 .

-> •!.-«-•• f 'I r(i fnLiKc .< :::•. 7,
yennsia: frnu tin £4iv bea LLl Ui<-*ii

L^kI|C:ii Lii-i. ' L !. s . T i j-.

Fj birds arc COrlse-

ouentiy heterozygous
for hoth P and /. In such birds the pigment jg

almost hut not completely suppressed, and as both
sexes are of the same constitution with regard to
these two factors they arc both of similar appearance

In the reciprocal cross, On the other hand, wc are

mating a Silky male {f/PPii} with a Frown Leghorn
hen which Oil ottr assumption is heterozygous for the

inhibitor factor [I], and in constitution therefore is

Ffppii. Owing to the repulsion between F and /
the gametes produced by such a bird are Fpi and fpl
in equal numbers. Ail the gametes produced by
thd Silky cock are fPL Hence the constitution of
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ihc F, male birds produced fay Lhis cross is ffPpli

as before, but the female birds must be all of the

constitution FfPpH, The Silky cock transmits the

fully pigmented condition to fate daughters, because

the gametes of the Brown Leghorn ben which con-

tain the factor for femaiicricss do not contain the

inhibitory factor owing to the repulsion between

these factors. The
£9] FfppI- HFPii [4 J

Etvu
nature of the F z genera-

tion in each case Ls

in harmony with the

above scheme. As,

however, it serves to

illustrate certain points

in connection with do-

te rmedi sue forms we

shell postpone further

consideration of it till

wt discuss these

Elves

EiActca

Fpi\
fpl

J

/ (Pi

\£FL

FfPpii

Lf]
FlC. a;

ErPpJi

[£]

auesse IS Hu"r™ nntH1* "f ' hl F;

KflCTHIBU frail (l« Tfrtiif n Lcyduia. ki!
J,ui SilLj ertk l.tE Ttf. ±4

matters, and for the present shall limit ourselves Lo

the explanation of the different behaviour of the F,

males and females; when crossed with the Brown

Leghorn. And, ftrst., the cross of Brown Leghorn

female by Fl snale. The Brown Leghorn hen 13 on

our hypothesis Ffppli, and produces gametes Ppi and

fpl, Thfi Fx cock JS or. our hypothesis ffPpli, and

produces in equal numbers the four kinds of gametes

/PI, /Pi. /pi, /pi- The result of the meeting of

these two series of gametes is given tn Fig. 24.

Of the eight different kinds of aygobc formed only

one containi P in the absence of /, and this :s a

female. The result, as we have already seen, is fn

accordance with the experimental facta
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On the other hand, the Brown Leghorn cock is

on oar hypothesis f/PP^- AV his gametes conse-

quently contain the inhibitor factor, and when he

is mated with an

lf 1 hen all the

zygotes produced

must contain I.

None of his off-

spring, therefore,

cart be ftlJly pig-

mented, for this

condition only

occurs in the ab-

sence of the in-

hibitor factor among gygotes which are either boinu-

EygOUS OF heterozygous ibr P,

The interorcTation of this ease turns upon the

constitution of the Brown Leghorn hen, upon her

heterozygous condition with regard to the two factors

^'and. /, and upon the tepulaion that occurs between

them when the gametes are formed- Through an

independent set of CMDcrimentS this view &f the

nature of the Brown Leghorn hen has been con-

firmed in an interesting way. Thors ate fowls which

possess neither the factor tor pigment nor the in-

hibitory factor, which arc in constitution ppii, 5uth

birds when crossed with the Silky give dark pig.

merited birds of both sexes in b" ln and the F
t
genera-

tion consists of pigmented and unpigiuented in the

ratio 3.; I. Now a cock of such a strain crossed

with a BrC-Wn Leghorn hen should give only com-

pletely unpigmented birds. But. if, as WC have

supposed, the Brown Leghorn hen is producing

fee, 24.

OuirraiiifiawiDrjliF r=" -' IW>

In:, mil .111 I
;
C«k M fr

SZJiy Ski X U'tiH-l, etjjtSOT, [flit, nr iw xr-j\

FpL FpL Fpi

fPI fPS fpl

$ f

fgr fpl fpi

fPC m FpS

d §_ d
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gametes Fp? and fpl\, the male birds produced by

suc]l ft cross should be befcerDuygous for i, ij. in

constitirtian ffppfi1
white the lien hindsi though

identical in appeara nee so far as absence of pig-

men tat ion goes, should not contain this factor hut

should, be constitutionally Ffpp& Crossed with the

pure Siihy, the L\ birds of Opposite SC^ceS should

give an entirely different result For while the hens

[53 F^pa
piv#H

Fpi \ >
fpr }

ItppLi ]

pVfa
[71 iiirLEJ

c
/ fpj

1 w
[*'] UPPii

glVEI
gldilirttj

fTl \m i

rv]FfPt*
M ivti

* S in
|

FfPPUff]
F""

,pn:«taB

/ FPi

t *Pp

r l
1

1

1
E T I

i

FfFpii ffPpu FfPpIE FfPpii tCPpli rrppii

[91 «3 IS] [91 [rfl

f1C* frj.

£>1 trtme DJ UL^JrTTin J fr* hsJCPtsyjwi :i.-il:src cT l!ic gju:t JlrOtfl l.E£hPYTI Hflll-

Fur «fet ItsT

should give only deeply pigmented birds of b&tEl

sejtes, the eodre should give equal numbers uf deeply

pigmented and slightly pigmented birds (cf. Fig.

25). These were the results which the experiment

actually gave, thus afFurdir.g Strong confirmation of

the view which ivc have; been led to take of the

Brown Leghorn hen. Essentially the poultry case

is 'bat of tile currant moth- It differ? in that the
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factor which repels femakmess produces no vEsibte

effect and its press nee or absence can only he d«tor-

min.ee by the introduction of a third factor, that for

pigmentation.

This enneeption of the nature of the Brown
Leghorn hen leads to a curious paradox, We have

stated th&t lilt Silky COck transmits the pigmented

condition, but transmits it to his daughters onJy,

Apparently the case is one of unequal transmission

by the father. Actually, as our analysis has shown,
it is one of unequal transmission by the mother, the

father's, contribution to tile offspring being identical

for each ££k. The mother transmits to the daughters

her dominant quality of femnleness. but to balance

this, as it were, she transmits to her sons another

quality which her daughters do not receive, it is

a matter of Common experience among human
families that ‘in respect to particular qualities the

sans tend to resemble their mothers more than the

daughters rlo, and it is not improbable that such

observations have rt real foundation for which the

clue may he provided by the Brown Leghorn hen.

Nor is this the only reflection that the Brawn
Leghorn suggests, Owing to the repulsion between

the factors for iemaSeness and for pigment inhibition,

it is impossible by any ferm of mating to make a

hen which is homozygous for the inhibitor farter.

She a as bartered away for femaleness the possibility

of ever receiving a double dose of this factor, We
know that in some cases, as, for example, that or the

blue Andalusian fowl, the qualities of the individual

are markedly different according as to whether he
or she has ifecesved a ihigle or a double do&e of a
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given factOn Jt 5s np£ inconceivable that some of

the qualities Lit which a man differs from a W&rak&n

are founded upon a distinction] of this nature. Certain

Qualities of Intellect, for example, may depend upon

the existence tn tile individual of a double dose of

som^ factor which is repelled by refflaieneas. IT this

b SO, and if woman is bent epon achieving' the results

which such qualities of intellect imply, it is not

education or training will help her. Her prcblem

is to get the factor On which the quality depends

inLo an OVHm that carries also the factor fur ferCile-

ness.



CHAPTER XI

5E3£
(
wnttltued5

THE eases which we have considered m the last

chapter belong to a group in which the pecuilai dies

of inheritance are most easily explained by supposing

t.lia: the female is heterozygous for Home Is-ctcr that

I? not Found in the mate. FemalcnftfiS Is an addi-

tional character superposed upon a basis of majencHs,

and as wg imagine that ibem is a separate factor

for each the full constitutional fcrmifla For a lc-male

is F/MM, and for a male ffMM. Both sexes are

homozygous For the male element, and the difference

between Queen is tins to the presence or absence ol

the female clem-Snl

There arc, however, other cases for which the

explanation will not suffice, but can be best inter-

preted on the view that the male is heterozygous

far a factor which is not found in Live female. Such

a ease is that recently described by Morgan in

America for the pomace fly {Drosophila Aiitfielipfiifa}.

Normally this little insect has a red eye, but white-

eyed individuals are known to rrOcur as rare sports.

Red eye is dominant to white. In their relation to

sert the eye colours of the pounce fly are inherited

qo6
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on the same lines as the grosmlartata. and ^MiiaoUt-

patterns of the currant moth, hut with one essential

difference. The factor which repel s the red-eye

factor is in this case to be found m the male,

and here con&equ cutjy it is the male which roust

be regarded as heterozygous for el scm factor that

L3 lacking in the female.

In Order to bring those cases ?nd others foto

line an interesting suggestion has recently been

put forward by Bateson. On this suggestion cadi

sex Is heterozygous for its own sex factor only, and

•does not contain the factor proper to the opposite

sex. The male ls of the

constitution Muvff and rhe

female Fftmrs. Each sex

produces t^o sorts of

gametes, Mf and in/ in

the case of the male, and

Mrfl
g-ivai

£ j rnuLti

KTriffl

ST.iVfcS

fjTT.fciai

W
mf

w

-'-J>1 ',[ii«lucii>ne

_v_ jP™
|
LlrtilJntUw

-— F»
1 \ iii! hi i:d j:tivL-

flU |
inr-[ijii«hnini-

Fm
i fiat in That of the

femaic. BuL On this view a further supposition is

necessary. If each of the two I-ci nda of spermatozoa

were capable of fertilising each of the two kinds of

civs., we should get individuals of the constitution

Mmff and mmfj

\

4& well as the normal males and

females, Mwfif and Ffmm. As the facts of ordinary

bisexual reproduction afford US no grounds for

assuming the existence of these two classes Of indi-

viduals, whatever they may be, we must suppose :b»t

fertilisation is productive only between the sperma-

tozoa carrying M and the ova without or between

the spennatOKOa without M and the ova containing

F. In other wOrda„ we must on this view suppose that

fertilisations between certain forme of gametes, even
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[f they cart occur, are incapable of giving rise to

zygotes with l he capacity tbr further development.

If we admit this supposition, the scheme |ust

given rVfU cover such cases as those of the currant

moth and the fowl, equally as well as that of the

pomace fly. In the former there is repulsion between

either the grbtsufari&fa factor and F, Or else between

this pigment Inhibitor factor and F, while in tile

latter there is repulsion between the factor for red

eye and M,
Whatever the merits Or demerit* of such a

scheme it certainly docs offer art explanation of a

peculiar form of sex limited

^ ^
+ inheritance in man. It has

£—'—a , long been a matter of common
*

|

* *
| knowledge that colour-hljnd'

j j ^
ness is much more common
among men than among

Sd™» p|i|c:rai4 a. ruh women, and al go that unaffected

women can transmit it to chclr

At first Sight the css*

« not unlike that of the

crtiEfeii i= hrt ihil sheep, where the homed char-

acter is apparently dominant in the mole hut recessive

in the female- The hypothesis that the colour-blind

condition is due to the presence of an extra factor

as compared with the normal, and that a single dose

of it will produce coIotir-bl tndfiess in the male but

nut In the female, will cover a good many of

the observed facts (cf. Fig- s6). Moreover* it

serves to explain the remarkable fact that all the

sons of colour-blind women are also colour- blind.

For a woman cannot be colour-blind unless she is

Fia. ns.



homozygous tor the colour-blind factor* in which cast

aJE hei' children rflU-St get a single dose of Li even if

she marries a normal male. Ami this is sufficient

to produce colour-blindness in the male though not

in die female.

But there is one notable difference in this ease as

com.Dared with that of the sheep. When crossed

with pure hornless ewes rhe heterozygous homed
jam transmits the horned character 10 half his

male offspring (cf, p. yi). But the heterozygous

colour-blind mart does not behave altogether like a

sheep, for he apparently does net transmit the cnlnur-

blind condition to any of his male offspring. If
r

however, we suppose that the colour-blind factor eh

repelled by the factor for rtialcncss, the amended
scheme will cover the observed facts. for* denoting

rhe odour- blind factor by Jf, the gametes produced

by t-hc colour-blind- tunic arc of two sorts only, vis.

Mj

x

and m/X. If he marries a normal woman
(f'fpiuiix), The spermatozoa Mfx unite with ova /?;«

io give normal males, while the spermatozoa mfX
rrnite with Ova Fmx to give females which arc

heterozygous for the colour-blind factor. Those

daughters are themselves normal* but Lrausmit the

condi tlen to about half their sons*

The attempt to discover a SLmpk explanation of

the nature of sex has led us to assume that certain

combinations between gametes are Incapable of

giving tise to zygotes which can develop further.

In the various cases hitherto considered there is rtO

reason to suppose that anything of the sort occurs,

or that the different gametes are otherwise than

completely fertile one with another. One peculiar
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case, however, has been known for several years io

which seme of the gametes arc apparently incapable

of uniting lo produce offspring, Yellow in the mouse

is, dominant to agouti, hut hitherto a homozygous

yellow has never beer, mot with,. The yellows from.

famiMoa where only yellows and agoutis Odckrr pro-

dueej when breri together, yellows and agoutis in

the ratio 2:3, If it were an ordinary Mendel Eari

case the ratio should he £ : 3
,
and one out of every

three yellows SO bred should be homozygous and

give only yellows when crossed with agouti. But

Cuenot and others have shown that <%+* of the yellows

are heterozygous, and when crossed with agoutis

give both yellows and agoutis, We are led. there-

fore, to suppose that an Ovum carrying the yellow

factor is unproductive if fertilised by a spermatozoon

which also bears this faclor. In this way alone does

it seem passible to explain the deficiency of

yellows and the absence of hornosygous, ones m the

families arising from the mating of yellows together.

At present, however, Lt remains the only definite

instance among animals in which we have grounds

for assuming that anything in the nature of unpro

d active fcrtjlisatior: takes place ,

1

If we turn from animals to plant-- we find a more

comp I icated state of a(Ta fra. GeneraSly speaki ng
,
the

higher plants are hermaphrodite, both ovules and

pollen grains occurring On the same flower, Same

plants, however, like most animals* are of separate

sexes, a single plant bearing only .male or female

flowers. In other plants the separate flowers are

3 Foe (.In rf-esnt disiassinr. oT Uiis pemliar can: th« it

i tiernil :o IWciJor pppi-f ia -&£«*«, D«c±rr.t4r lb, J.?[Sv
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cither mate or female, though both arc borne on, the

same individual. Tn others, again, the conditions are

even mure eompEcx,, for Lbs Same plant «cay bear

flowers of three kinds, viz. male, femaLe, and herma-

phrodite, Or it may be that these three forms

occur in the 35 me Species but [fl different individuals

—.female and hermaphrodites lo one species
;
males,

females, and hermaphrodites Iq another. One case,

however, must be mentioned as it suggests a possi-

bility which wft haw not hitherto encountered. In

the common English bryony [Btyama rfipiui) r'ne

sexes arc separate, some plants having only male

and Others only female flowers. In another Euro-

pean suedes, B, alba, both male and female d ewers

OCSUr 00 the same plant Gorrens trussed these

two specces rRciprccally, and also fertillaed B. tiioica

hy its own mile with the following results:

—

dioicaS y dicica^ gave 9 9 and d d

r ,
x alba ^ ,, 9 9 only

alb:. 9 x dioica. <$ n g 9 and d d

,

The point of chief interest lies in the Striking differ-

ence shown by the reciprocal crosses between di&ica

and alba, Malts appear when alba is used as the

female parent hut not when the female diwttt is

crossed by male It £i possible to suggest

more than one scheme to cove r these facts, but we
may confine ourselves here to that which seems

mos-t in accord with the general trend of other

case:;. We will suppose that in dioica femafeness

is dominant to ma-cnoss, and that the female is

heterozygous for this additional factor In this

species
f
then, the female produces e<paL numbers of
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ovules with and tv i LViOUT the female factor, ubiLc

this factor is absent in all the pollen grains, A£bi) £

X gives the same result as di&ict(9 X

dicicA 6
1
and we must there fere .suppose that alba

produces male and female ovules m equal tiu rubers.

Abba J x dkka 9 ,
however, gives nothing but females

Unless, therefore, we assume that there is selective

fertilisation wc must suppose that all t!bu pollen

grains of carry the female factor—in other

words, that £0 fat as the sex lactors arc concerned

there is a difference between the ovules and pollen

grains borne by the same plant U nforltimtcly

further investigation of this case is rendered im-

possible owing to the complete sterility of the h,

plants.

That the possibility of a difference between the

ovules and pollen grains of the same individual must

be taken into account in future work there m
evidence from quite a different source- The double

stock is an old bortsetj! -tura I favourite, and for centuries

if ha.? been known that of Itself it sets no seed, but

must he raised from special strains of the single

variety. " You must understand withal),
1
* wrote

John Parkinson &f his gillyflowers,
5 14 that those

plants that bearc double flowers, doe bearc no seed

At all , . . hit the onrly way to have double flowers

any yearn is to save the seed ’s of those plants of

this kinds that herre single flowery for from Ihal

scede will use . some that well Ewart single, and some

double flowers," With regard to the nature of these

double -throwing strains of singles. Miss Saunders

has recently brought out some interesting facts. Sbe

1 Plavdlinj Tsj-ytftrhj Li)rcl(jti
r
i6ig, n. iG:,
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creased cL-.c double -throwing singles with pure

a Lilies belonging to strains. [n which doubles never

OCcUt The Cross was made both ii'&y&, and in

born eases all the F! plants were single, A distinc-

:ioj) h
however, appeared when 3 further generation

was raised from the F
x
plants All the F plants

from the pollen of the double throwing single behaved

fid- 3f.

Sir.^T-s asij diawbli i:«:ckn r.-.iiir! frem i r i uric aiaj Ic parani.

like double throwing dingles, but of the Fj plants

from the ovules of the double throwers some behaved

as double throwers, and some as pure singles. We
art led to infer, therefore, that the ovules arid pollen

grains of the double throwers, though both produced

by the same plant, differ ! their relation to the

factor (or factors) for dciubleneSS. Dotlbleness is

apparently carried by all Lite pollen grains of such

I
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plants, but only 1>>' Home of Ills ovules. Though

the nature of colibleuesK in stocks :S not. yet deafly

understood, the facts discovered by Miss Saunders

surest Strongly that the ovules and pollen grains

of the same plant may diner to their transmitting

properties* probably owing lo some process ot

segregation in the growing plant which lends to an

Unequal distribution of soioc or other factors to

the cells which give rise to the ovules a 3 compared

Eafig-Ji!

PriLtn hT

pjrr single

Single

rule FdUki

DouM-fi

Chilli oT
' pure single

Sing I*

1

Sidglfi

j

Single

l

Single

,

—

Single

1

Donbk SiogtE

1

SLne'l*
^ r7”
Sic-fJE

1

Dc.ihk SccgSe
1

Double

with those from which the pollen grains eventually

Spring. Whether this may turn ant to be die true

account or not, the possibility must not be over-

looked to future work.

From all this it is clear enough tliat them is

much to be done before the problem of sen is solved

evCfi so far as the biologist can ever expect to solve

\L The possibilities are many, and many a fresh

set of fads is needed before we C3ti hope to decide

aoioirg them. YeL rhe occasional glimpses of clear-

OUt and orderly phenomena, which Mlendelian



spectacles have already enabled us to catch, nfaer a

(air hope that noma day tli-ey may all be brought

into focus, and a^^rted iheir proper places in a

general scheme which shall embrace them aLI

Then, Lhmjgh not till then, wrll the problem of the

nature of sax pas?, from the hands of the bioEogist

into those of the physicist and She chemist
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imtekKEDTATes

So far as we have gone WtL have found it possible CO

express the various characters of animals and plants

in terms of definite which are carried by the

gametes, find are distributed accord-ny Co a definite

scheme, 'Wh.S-tevjjr may 04 the nature 03 these

factors it z$ possible for purposes of analysts te treat

them as indivisible entities which may or may
not be present in any given gamete. When the

factor is present it i-> present as a whose. i he

visible properties developed by a zygote in the cOUrie

of its growth -depend -jpon the nature and variety of

the factors carried in by the two gametes which

went to its making, and to a less degree upon

whether each factor was brought in hv both gametes

or by one only- I f the given factor is brought in by

one gamete only, the resulting heterozygote may he

more or less intermediate between the liom«,y£OUS

form with a double dose of the factor and the

homozygous tbrm which is entirely destitute of the

factor. Cases Id point arc those of the primula

flowers and the Andalusian fowls. fteverthu^H

these intermediates produce only pure gametes as is

ii6
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shown by the fact that the pure parents! types

appear fn a certain proportion of their offspring;

hi such cases as these there is but a singfe type of

intermediate. and the sample ratio in which this, and

the two bomazygossR forma appear tenders the

interpretation obvious. But the Eiaturs of the F,

generation may he much more complex and, where

wt are dealing with factors which interact upon One

another, may even present the appearance of a series

of intermediate forms gracing from the condition

found in one of the original parents to that which

occurred in the other. As an illustration we may
consider the cross between the Brown Leghorn and

Silky fowl s which wu have m-rcady dealt Wtch in

connection with the inheritance of sex. The offspring

of a Silky hen mated with a Brawn Leghorn are in

both sexes bird* with but a trace of the 5 [iky

pigmentation. But- when such birds aie bred

together they produce a general ion constating o:

chicks aa deeply pigmented ;\S the original Silky

parent, chicks devoid of pigment Like the Brown

Leghorn, and chicks in which the pigmentation

show's itself in a variety vf intermediate stages.

Indeed from; 1 hundred chicks bred in this way it

would be possible to pick out a number of fridi.

vidua Is acid arrange them in an apparently cunLmUullS

series of gradually increasing pigmentation, with the

completely unpigmented at one end and d^c most

de^piv pigmented at the other. Nevertheless, die case

is one in which complete segregation of the different

factors takes place, sirld the apparently continuous

series of intermediates is the rCSWit of the interaction

of the different factors upon one another. The con-
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sritlltiOrt of the F
3
£ is a f/Pfh\ and such s. bird

produces in e^ual numbers; the four serfs of" gametes

fPJ, fPt\fpI, /pi. The constitution of the P, 3 in

ibi£ case is F/FpIL Owing to die repulsion between

F and I shfi produces the four kinds of gametes

FPi, Fpi, /FI, fpt\ and produces them in equei

numbers* The
result of bringing

two such series of

gametes together

is shown in Fig.

oS. Out of the

sixteen types of

zygote formed one

iFfPrsI. ia homo-

zygous for the pig-

mentation factor,

and does not con-

tain the inhibitor

factor. Such a

bird is S.S deeply
Eiurui L> 1 1 1 LCsl riL*E ii-S r.n:vm and ^npoyiiisr. nl

,,

cfe>-pr rra.tiHiAsrjijipir-^n'.ii=c=iatf crHiky pisjmemcd as the
him with lir^irl .Lttlcrr: C will

"

nurc Silky parent

Two, again, contain a fling. c dose of F in the absence

of /, These arc nearly S3 dark as Line pure Silky.

Four £ygGtC3 arc destitute of P though they may or

may no t contain I- These birds arc compictel y devoid

of pigmer.L like the Brown Leghorn, The remaining

nine zygotes show various combinations of the two

factors P and /. bcing either FPIi, FPI/ Fp]J
t
or

Ppli, and in each of these cases the pigment is more

or Less intense according to the constitution of the

bird- Thus a bird of the constitution PPIi

FPi
fPl

9

FPi
EPi

t

FPl 1 FPl
fpi [pi

9 *

Fpi
JFI

- S

Fpi

JPi

9

Fpi
fpi

9

Fpi
fpi

9,
TE^I fP] £P1 IPI

fpi IPi fpi

<$ i 4 £
fnJ rpE fpi fpi

fPl rpi Epl fpi

4 <? 6 *
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ftppioa-hes ll* pagm-Cntitlon a bird of Ills constitution

rpii
t
while a bird of the constitution Ff/I has buL

little more pigment than the tin pigmented bird, In

this way we have seven distinct grades of pigmenta-

tion, atld the scries ii further complicated by the fact

that Ibc^C various grades exhibit a father different

amount of pigmentation according as they occur in a

male or a female bird, for, generally speaking, the

female of a given gmdC exhibits rather move pigment

tiian the corresponding male, "lhe examination O!

a number of birds bred in this way might quite well

suggest that 111 this case we were dealing with a

character which could break np, as it were, to give a

continuous series of Entcrgrading fornix between the

two extreme''. With the constant handling of large

numbers it becomes possible to rccoguise mast ot

the different grades, though even 50 it is possible

to make mistakes. Nevertheless, &9 breading teats

have amply shown* we arc dealing with but two

interacting factors winich 'jegregatc cleanly :rcm one

another according Lo the strict Mcndcliafi rule. Fhc

approach to continuity in variation exhibited by the

F, generation depends Upon the fact that these two

factors interact upon one another, and to different

decrees accord mg as the zygote is for one or oilier

or both of them in a homteygous or a heterozygous

State. Moreover, certain of these intermediates will

breed true to an interfiled fete condition of tire

pigmentation. A male- of the constitut'or. j/PPIi

when bred with females of the constitution FfFFl*

wilt produce only males like itself and females like

the maternal parent. We have dealt with this ca&e

in some detail, because the existence of families
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showing a .-series of intermediate stages between two

characters has sometimes been brought forward tn

opposition to the view that the characters of

organises, depend upon specific factors which are

transmitted according to die Mendelian. rule. But,

as this case from poultry shows clearly, neither

the existence of such a continuous ncriea of inter-

mediates, nor tlte fact that some of them may breed

true to the intermediate condition, are inoumpEtibic

with the Mendeliafl prfticipie of segregation.

In connection with. Intermediates a more cogent

objection to the Mendelian view Is the case of the

firet crags between two definite varieties thence-

forward breeding true, The case that will naturally

occur Lo the reader is diat of the mulatto, which

results from the CrOSS between the negro and the

White, According to general Opinion, these mulatto^

of intermediate pigmentation, continue to produce

mulattos, Lfl f&rt u naidly this interesting case has

oever been critically investigated, and the statement

that the mulatto breeds true resLs almost entirely

upon information that is general and often vague. It

may he that the inheritance at skin pigmentation

in this instance is a ^nuine exception to ibe normal

rule, but at tile same time it must not be forgotten

that it may be One In which several interacting

factors arc concerned, aod that the pure white and

the pure bl&cb ire the result of combinations which

from their rarity are apt to he overlooked, But

until we arc in possession of accurate information it

b impossible to pronounce definitely Upon the nature

f the inheritance in tins case.

On the other hand, from the cross between the
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darkly pigmented Eastern race* and the white

segregation scenes to occur in subsequent gcncra-

liortS, Families arc to he Lounc m which one parent is

a pure white, while the Olbet has arisen from the CtOM

between the dark and light l :1 the first or some

subsequent generation, Such families way contain

FJd- 1&.

tidier** ur» Umlls Which i-riciiijl-tlJ Inn-' rjwiBM-.'a.a HiuJ.: *jii! ‘t-iWh ,

au.-l MnctE iridl¥iJ&fJ^ “>’ liarve, £u XTd^ lllld'JLJ, PIlED ^Tlfl uinma

quilt fwirainubtri, *hilfl lb?- with* ill Lb lb* Ml*rc •« imurmuJiMit

children indistinguishable from pure Moods at well

as children of very dark and of intermediate shades.

A? an example, J may give the following pedigree,

which was kindly communicated to ntc by an Anglo-

Indian friend (Fig. 39), The family bad resided in

England for Several generations, SO that in this case

there was no quefttion of a further admixture of black.

Moat noticeable Is til? farmiv produced by a very dark
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lady who had tnanicd i -white man. Some OL the

children were intermediate in colour, but two were

fair whites End two were dark OS dark Hindus.

This sharp segregation or splitting out of bracks and

whites in addition to intermed Fates strongly suggests

that the nature of the inheritance is Mendelfan*

though it may he complicated by the existence of

several factors which ntay also react upon one

another. Nor must it be forgotten that in so far as

thesij different factors are concerned the whites Ibetn-

may differ in constitution without showing

any Lrarc of it in their appearance. Before rhe ease

can be regarded as settled all these different

possibilities will have to he definitely tested. With

the dark Eastern races as with the negro wo cannot

hope to come to any conclusion until W« have

evidence collected by critical and competent

observers.

Though for the present we must ingnrrL the case

Of the negro as not proven, there are nevertheless

two e titers in which the heredity would, appear not

to follow the Metidclian rule. Castle in America

crossed the lop-cared rabbit with the normal form,

anti found that the F, animals were intermediate

with respect to tbeir ear?, And subsequent experi-

ment showed that, on the whole, they hred true to

this intermediate condition. The ether case relates

to Lepidoptera. The speck led wood butterfly

(Farorgi tgeria) has a southern form which differs

from the northern one in the greater brightness and

depth of its yellow-brown markings. The northern

form te generally distinguished as var. tgrfi&tfeS,

Siatcson cro 3 fl«id the southern foran from the south
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of France- with the paler British form, and Jocund

that the offspring were marc or less intermediate in

colour
,
and thfLt in subsequent generations the parental

types did not recur, These cases at present stand

alone. It is possible that further research may
reveal compiler-firms which mask or interfere with

air underlying process of Sugiega Ci u rt Or it rr.ay

be that segregation dees not occur owing to seme

definite physiological reason which at present WO do

not understand.

And here it is nnpGSSibfe not to recall ^fendel's

own experiences Vi iLh the Hawkwecds {{liit'GcituH).

This genus of plants exhibits an eximordi^ary pro-

fusion of forms differing from one another sometimes

in a single feature, sometimes in Several. The

question as 1o how far these numcious forms were

to he classified as distinct species, how far as varieties,

and how far as products of zlu.ilte hybridisation, was

c^ven nt that lime n source of keen controversy among

botanists, There is iitile doubt, that 3fcndc1 unricr-

tcok his Ox peril ndnts OH the Haurttweeda lit the hope

that the conception of unit characters so brilliantly

demon sfraled far the pea would serve to explain the

great profusion of forms among the Hieraciumi

Owing to the tninule size of their florets, these

plants offer very considerable technical difficulties

in fh& way of cross- fertilisation- By dint at great

perS5ve.t3.nco and labour, however,, Mendel succeeded

in obtaining a few crosses between different forrr-s-

These hybrids were reared and a further generation

produced from them, .iild, no doubt somewhat tf>

Mendel's chagrin, every or.c of them proved to breed

true. There wus a complete abduce of that scgrogE-
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tton of diameters which he had shown tn exist in

peas and hears, aril had probably iesaked. forward

with some confidence to finding tn ffaraamri* Move

than thirty years- passed before the matter was

cleared up, To -cay we know that the peculiar

behaviour of the hybrid Hicraciumt is due to the

fact that they normally produce seed by a peculiar

process of parthenogenesis, It is possible to take

an unopened slower and to shear off with a razor all

the male organs together with the stigmata through

which the pollen reaches the ovules, The dower,

nevertheless, sets perfectly good seed- But the cells

from which the seeds develop are not. of ctic same

nature as the normal ovules of a. plant They WO
not gametes, bat retain the double structure of -he

maternal cells. They are rather to be regarded as

of the nature of buds which early become detached

from the parent Stock to lead an independent exist-

ence, and, like buds, they reproduce exactly the

maternal characteristics. The discovery of the true

nature of this case was only rendered possible by

the development of the study of cytology, and it

was not given to Mendel to live 'ong enough to learn

why his hybrid llicraciums all bred true.
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VARIATION AtsD EVOLUTION

Through the facts of heredity we have reached a

iltw conception of the individual, hiilherto w* have

been accustomed to distinguish between the members

of a family of rabbits bite that illustrated on Plate

1, by assigning to each ao individuality, end. hy

making use of certain external features* 3Udi as the

ccal colour or the markings, as convenient outward

si^ns to express our idea that theindividuulriy of these

different animals is different, Apart from this, our

notions as to what const it u Led the individuality ill

each case is ere at best tut vague- Mcndciian analysis

has placed in our hands a more precise method of

estimating and expressing the variations that are

to be found between one Individual and another,

Instead of looking' at the individual as a whole,

which is in some vague way endowed with an indi-

viduality marking it off from its fellows, we now

regard it as an organism built Up of definite char-

acters 511 perl m posed on a basis beyond which for the

moment OUr analysis will no t take us. We have

begun bo realise that each Individual has a definite

architecture, and that this architect Lire depends
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primarily ispurt the number aad variety of the

factors that existed in Lite: two gamete? that went

to its building. Now most species exhibit consider-

able variation and exist in 3 number, often vct/

large, of more o? Ices well-defined varieties. Hew
far can this greet variety be explained in terms

of comparatively small number of ficlors :f the

nujnher of possible forms depends upon the number

of the factor? which may be present or absent ?

In, the simple case where the bomoiygOUs and

hete rozvgous conditions arc i n<l i^ting^ish able in

appearR-nce the numbei of passible ibrtns is 2
,

raised to the power of the number of factors con-

cerned. Thus where one fa&Dt is concerned there

are only 2
l - 2 possible forms, where tec factors are

concerned there are 2
m = 1024 possible forma differ-

ing fTOrn one another in at most tea and at least one

character. Where the factors interact Upon one

another this number will, of course, be considerably

increased. If the heterozygous form is different in

appearance from the homozygous form, there arc

three possible forms connected with each factor;

("or ten such factors the possible number of End:

vidoals would be 3
M = 59,04$; for twenty such

factors the possible numher of different Individuals

would be 3"= 3,486,784,401, The presence or

absence of a comparatively small number of factors

in a specks Carries with it the possibility oE an

enormous range of individual variation. But every

o lift of these individuals has a, perfectly definite con-

stitution which can be determined in each case by

the ordinary methods of Mendelfan analysis. For

in every instance Lite variaticn depends Upon the
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present* Of absence of definite factors carried tn by

the gamete:; from whose union She individual results.

And is these factors separate out cleanly lit the

gametes which the individual form;, such variations

as defend Upon LtlCfli arc transmitted strictly accord-

ing to the Mendeliatt scheme- JPnovided that the

constitution of the gametes Is unchanged, the heredity

of such variation is independent of any change ftl

the conditions of nutrition or environment which may
operate upon the individual producing the gametes.

1-Jut, as everybody knows, an individual organism,

whether plant or animal, reacts, ami often reacts

markedly, to the environmental conditions under

which its life is pissed. More especially is this

bo be sceo where such characters as size or weight

arc concerned. More sunlight or a richer soil may

mean Stronger growth in a plant, better nutrition

may result in, a finer animal, superior education may

lead to a more intelligent man, But although the

changed conditions produce a direct effect upon the

individual, we have no indisputable Evidence that

such alterations are connected with alterations in

the nature of the gametes which the individual pro-

duces. And without this such variations carrot be

oerpetuated through heredity, but the conditions-

which produce the effect must always be renewed

in each su ccessive gen era lion. We P-ic Jed, there-

fore, to the conclusion that two sorts of variations

exist, those which are d-jc to the presence of specific

factors in the Organism and those which are due 1.0

tEie direct effect of the environment during its life-

time. The former are known as mut&tsobSj and are

inherited according to the Mnndelian scheme; the
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latter have been termed fluctuations, and at present

we have no valid reason for supposing Lliat they are

ever inherited. For though instances may tie found

in which e fleets produced during the lifetime of the

individual would appear to affect the offspring,, this

j.3 nnt necessarily due to heredity. Thus plants

which are poorly nourished and grown under adverse

conditions may set Seed from which tome plants

that am smaller than the normal although grown

under moat favourable conditions. It is natural

to attribute the smaller size of the offspring to the

conditions Under which the parents were grown, and

there is no doubt that we should be quite right in

doing so, Nevertheless, it need have nothing to do

with h-SrCdify As we have already painted QU‘, the

seed is a larval plant which draws Its nourishment

from the mother. The size of the offspring is

affected because the poorly nourished parent offered

& had environment to the young plant* arid not

because the gametes of the parent were changed

through the adverse conditions tinder which it grew.

The parent in this case is not only the producer of

gametes, but also a part &r the environment pf the

young plant, and it is in this latter capacity that it

affects: Us offspring. Wherever, as in plants and

mammals, the organism is parasitic Upon the mother

during its earlier .^ages the state of nutrition of the

latter will ahno&t certainly react upen It, and In this

way s- semblance of transmitted weakness or vigour

is brought about. Such a connection between mother,

and offspring Is purely one of environment* and it

COtUlOt be too Strongly emphasised that it baa nothing

to do with the ordinary process of heredity.
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The distinction between these two kinds of varia-

tion, so entiwtiy different tn their Causation* renders

it possible to obtain a dearer view os" the process oi

evolution than that recently prevalent, As Darwin

Jong ago realised. any theory of evolution must be

baaed upon the facta of heredity and variation,

Evolution only comes about through tlse survival

of CSrtaTn variations and the elimination 02 others.

But to be of any moment in evolutionary change,

a variation muse be inherited. And to be Inherited

it must be represented cn the gametes. This, as we
have seen, is the case r'or those variations which we
have Ct-med mutations. For the inheri Lance of

fluctuations, on the other baud, of the variations

which result horn the direct action of the environ-

ment upon the Individual, there is no indisputable

evidence. Consequently we have no reason fur

regarding them as playing any part ia the pro-

duction of that succession of temporarily stable forms

which we term evolution. In the light of our present

knowledge we must regard the mutation as the basis

of evolution.—as the material opon which natural

selection works- For it is the only form, of variation

of whose heredity w* have any certain knowledge.

Is is evident that this view oi the process of

evolution is in some respects at variance with that

generally held during the past half century-. There

we were given the conception of an abstract type

representing the species, and from it most Of the

individuals diverged in various directions, though,

generally speaking, only to a very small extent. It

was assumed that any variation, however small,

might have a selection value, that is to say, COtlld be

X
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transmitted to the offspring. Same of those would

possess St in a "ess and some in a greater degree

than :he parent. If the variation were a useful one,

those possessing to a rather greater extent would be

favoured through Lh& action of natural selection at

the expense of their less. fortunate brethren, and

would leave a greater number of offspring, of whom
some possessed it in an even more marked degree

than themselves. And so It would go on. The
process was a cumulative one. The slightest variation

in a favourable direction gave natural selection a

start! ng-point to work on. Through the continued

action of natural selection 0:1 each successive genera-

tion the useful variation was gradually worked Up.

until at last it reached the magnitude of a specific

distinction. Were it possible in such a ta-se to

have all the forms he fore us, they wo uld present the

appearance of a long aeries imperceptibly grading

from one extreme to the other,

Upon this view aw made two assumptions not

unnatural in the absence of any escact knowledge of

the nature of heredity and variation. It was assumed,

in the first place, that, variation was a continuous

process*, and, second, Lhai any variation! could be

transmitted to the offspring. Both of these assump-

tions have since been shown to be unjustified.. Even
before Mendel's work became known Bateson had

begun to Call attention to the prevalence of dis-

continuity in variation, and a few years later this

was emphasised by the Dutch botanist Hugo do
Vries in bis great wotk on The MirtatMn Theory,

The ferment of new ideas was already working in

the solution, and under the stimulus of MendfiVs
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work they have rapidly crystallised out With the

advent of heredity as a definite science we have

been ied to revise our viewi as to the nature of

variation, and consequently in some respects as to

Ibe trend of evolution. Heritable variation has a

definite basis in the gamete, and ft h to the gamete,

iherefurCj not 10 the individual, that wd must. 3oOli

for the initiation of this process, Somewhere or

Other in thcecur.sc of their production fa addqd or

removed the factor upon whose removal or addition

the new variation owes its existence, The new

variation springs into being by a sudden step, not

by a process of gradual and almost im-perotplibk

augmentation, lr jg not continuous but discern

tinuDlls because it Is baaed Upon the presence or

absence of some definite factor or factor?— upon

discontinuity in the gametes from which it sprang.

Once formed., it? continued existence is subject to

the arbitrament of natural selection. If of value in

the struggle for existence natural selection will

decide that those who possess it shall have a bettor

chance of survival and- of leaving offspring than

those who do not possess it If ft: is harmful to

the individual natural selection wfE] sooil bring about

IlS elimination. But iT the mew variation Is neither

harmful nor useful Lbere seems no reason why it

should net persist.

!n this way we avoid a difficulty that beset the

older view. For on that view1 no new character

could he developed except by the piling up of

minute variations through the action of natural

selection. Consequently any character found tn

animals and planes must be supposed to be of
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some definite use to the individual. Otherwise it

Could rtOl have developed through the action of

natural selection- liuL there £ire plenty of characters

U> Which it 3s exceedingly difficult to s scribe any

li ri I Lty ,
and the Eigen uity of the supporters of this

view lias often been severely taxed to account for

rheir existence. On the more modern view this

difficulty ls avoided. The origin of a new variation

35 independent of natural selection, and pFOvidcd

that ff is not directly harmful there is no reason

whv it should not persist In this way we are

released front the frurdcr. o: discovering a Utilitarian

motive behind all the multitudinous characters of

living' organisms. For we now recognise that the

function of natural selection is selection and not

creation. It has nothing to da with the formation

of the new variation. It merely decides whether Lt

Is to survive or to be eliminated.

One of Ute arguments made use- of by supporters

of the older view IS that drawn from the sLutly of

adaptation. Animals and plants arc as a rule re-

markably well adapted to living the life which their

surroundings impale upon them, and in some Cases

this adaptation is exceedingly striking. Especially

is this .so in the many instances of wh&t is called

protective coloration, where the animal comes to

resemble its surroundings so closely that It may
reasonably be supposed to cheat even the keenest,

sighted enemy. Surely, we are told, such perfect

adaptation could hardly have arisen through the

mere survival of chance spurts. Surely there must

he seme guiding hand moulding the species into the

required shape. The argument ii an old One. For
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John Rsy that guiding hand, was the SitpeiiOT

wisdom of the Creator: for the modern Darwinian

it is Natural Selection controlling the direction of

variation. WcndcliscQ certainly offers no suggestion

of any such controlling force. It interprets the

variations of living form? in terms of definite physio-

logical factors, and the diversity of animal and plant

life fr due to the gam nr loss- of these factors, to tlbc

origination of new ones,, or to fresh combinations

smong those already in existence. Nor is there any

valid reason against the supposition that even Lhe

most remarkable cases of resemblance, such as that

of the leaf insect^ may have arisen through a process

of mutation. Experience with domestic plants and

animals shows that the most bizarre forms may arise

as sports r-iTi d perpetuate themselves. Were such

forms, irishTg
1 under natural conditions, to be favoured

by natural selection awing to a resemblance M some-

thin* iii their environment we should obtain a striking

case of protective adaptation. And here it must not

he forgotten that those Striking ca&SS to which out

attention is generally called are but 1 very small

minority of the existing form* of life

For that special group of adaptation phenomena

classed under the head of Mimicry, Meiadelism seems

to ofTer" an i-nlarpretaticm simpler than that at present

in vogue. This perhaps may be mors clearly ex-

pressed by taking a specific case. There ia in Africa

a genu* of Daualnc butterflies known as A fx/iurts,

and there. are reason* for cons Idling that the group

to which it belongs possesses properties which render

it unpalatable to vertebrate enemies such as birds 01

monkeys, lu the same region is also found the
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geciua Eurethci belonging to the entirely different

family of the Nymphalidec, to which theft; is no

evidence for assigning the disagreeable properties of

the Danaines. Kow the different Species of Rutytlia

show remarkably close resemblances to the species

of Atitattris, which are found flying in the same

region, and it Is supposed chat by ,r

mimicking " the

unpalatahie forms they impose upon their enemies

and thereby acquire immunity from attack. The

point E-t issue is the way m which this seemingly

purposeful resemblance hs.^ been branch t about.

One of the species of Eurulia- occur; in two very

distinct forms (FI. VL) which were previously re-

girded as separate speoles nuder tire names E.

waftlb&gi and E- IJii'm These two forms respec-

tively resemble Awmurif damiinicax&s and A, effttfiA,

For purposes of argument WC will assume A. sc/t£?ia

to be the more recent form of the two. On the

modem Darwinian view certain individuals of A,

domitiicanus gradually diverged from the sommicanui

lype and eventually reached the efktrEi typo, though

why this should have happened docs not appear to

be dear. At the same time Hiqso specimens which

tended Co vary in the direction of A. editrip in piaccs

where ihli species was more abundant Chan A,

dwiitiiaKhl were encouraged by natural selection,

and under its guiding hand the form tnitna eventu-

ally arose from zuaklhsrgi.

According to Mendtii&n views, on the other hand,

A. sc/i arose suddenly from A. datnistiams (or

vice versit), and similarly ntiiftA arose suddenly from

ynjMjttrgi, If miuia occurred where A. eeheria was

common and A r d&mittk&)tus was rare, Sts resemblance
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to lLiu more plentiful distasteful form would give it

Lite advantage over vwMfergi a nd allow It Lo establish

itself in place of the latter, Oil the modem Dar-

winian view natural selection gradually shapes

wakihargi into til® ration form owing to the presence

of^. ££rksri&\ on the Mendel iau vleiv natural selec-

tion merely conserves the minii

1

form when once it

has arisen Now this case of mimicry is one of

especial interest, because we have experimental

evidence that the relation between witmt and

wakl&itgi is a simple Mcmfclian one, though at

present it is uncertain which is the dominant and

which the recessive fonn. The two have been

proved to occur in families bred from the same

female without the occurrence of any Intermediates,

and the fact that the two segregate cleanly is strong

evidence in favour of the Men cl elJan viow. On this

view the genera Amanris and EureUiit contain a

.similar set o£ pattern factors., and the conditions,

whatever they mSy he, which bring about mutation

in the former lead to the production of a similar

mutation In the latter. Of" the diffeieul forma of

Enrnii-x produced in any region that one has the

best chance- of survival, through the operation of

natural selection, which resembles the most plentiful

Ainsrurii form. Mimetic resemblance is a true

phenomenon, but natural selection playi the part o:

a conservative, not of a formative agent.

It lS interesting to recall that in earlier years

Darwin was inclined to ascribe more importance to

" sports
11

as Opposed to continuous minute variation,

ami to consider that they might play a not Incon-

siderable part In the formation of new varieties in
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nature-. This view, however, lie gave Up Eater, be-

cause he thought that the relatively rare sport Or

mutation would rapidly disappear through the

swamping effects of crossing with the more abund-

ant normal form, ar.d so, even though favoured by

natural selection, would never succeed in establishing

itself. Mendel's discovery lias eliminated this dilti-

eulty. For suppose that the Sport differed from the

normal in the lo^g of a factor end were rctesSuvci

When mated with tha normal this dmactcr would

seem to disappear, though, of course, half of the

gametes of its progeny would bear it- By continual

crossing with normals a. small proportion of hetero-

zygotes would eventually be scattered among the

poprtLalipti-, and a£ SoOn as any two of these mated

together the recessive sport would appeal' in one

quarter of liwir offspring,

A suggestive eontrshutian to this subject was

recently made by G. H. Hardy, Considering the

distribution of a single factor in a mixed population

consisting of the heterozygous and the two

homozygous Farms he showed that such a population

breeding at random rapidly fell into a stable eon-

ditto n with regard to the proportion of these three

forms, whatever may have been the proportion of

the three forms to Start with. Let tis suppose, for

instance, that the population consists of^ hoftiosygotcs

pf one kind,#* homozygotca of the other kind, and 2^

heterotygOIftS- Hardy pointed out that, other

things being equal, such a population would be in

ecuilihriuni for this particular factor 50 lon^ as the

condition q
i= pr was fulfilled. If the condition is

fulfilled to start with the population remains sn
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equilibrium. If tli<j condition is not fulfil led to start

with, Hardy showed that a position of equilibrium

becomes established after a single generation, md
that this position Is thereafter maintained. The
proportions of the three classes which satisfy the

equation a~ = pr are exceed ingiy numerous, and

poptjlat torrS in which they existed in The proportions

shown In the appended table would remain in Stable

equilibrium generation after generation ;

—

p. ap, r.

i

t A A

t 6 9
r $ I*

[ 20,000 100
,000,000

T in nr"

This, of course, assume ttm a] | three classes are

equally fertile, and that ni> form of selection js

taking place to the benefit of one class more than

of another. Moreover, it makes no difference

whether/ represents the homozygous dominants or

wrhether it stands for the recessive^. A population

containing a very small proportion of dominants

and one containing a similar proportion of recessives

are equally stable. The term dominant is in some
respects apt to be misleading, for a dominant

character cannot tr. virtue of its dominance establish

itself at the expense of a recessive one. Brown
eyes in mao are dominant to blue, but there is no

reason eo suppose that &S years go on the population

of these Islands wilt become increasingly brown eyed.

Given equality of conditions both are 00 an equal

footing. If, however, either dominant c-r recessive
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be favoured by selection the conditions Are altered,

and ft can be shown that even a smalt advantage

possessed by the one will rapidly Nad to the

elimination of the other. Even with but a 5 per

cent selection advantage In its favour :t can be shown

that a rare sport will CUSt the normal form in a few

hundred generations, Tti this way we ate freed

from a difficulty inherent in the older view that

varieties arose through a long - continued process

involving the accumulation of very slight variations.

Or* that view the establishing of a new type WAS of

necessity a very long and tedious business involving

many thousands of generations. For this reckon

the biologist has b=cn accustomed to demand a very

large supply of time, often * groat deal more than

the physicist is disposed to grant, and this has

sometimes led him to expostulate with the latter for

cutting ofF tiie supply. Or. the news views, however,

this difficulty need not arise, for we realise that the

origin and establishing- of a new form may be a very

much more rapid process than has hitherto been

deemed possible.

One last question with regard to evolution- How
far docs Mendelism help US in connection with the

problem of the origin of species r Among the plants

rtnd animals with which we have dealt W« have been

Able to show that distinct differences, often con-

siderable, in colour, she. and -Structure, may be

interpreted in terms of Mendeiiuti factors. It is not

nr.likely that most of rhe various characters which

the systematist uses to mark offi one species from

anaLhC!-, the so-called specific characters, are of this

nature. They serve as convenient labels, but arc



xm VARIATION AND EVOLUTION rj9

not essential to the conception of species. A
sysee m atis', who defined die wild sweet pea could,

hardly fat] tc include in hss definition such characters

as the procumbent habit, the tendrils, the form of

the pollen, the shape cf the flower, and its purple

colour. Yet all these and Other characters have

been proved to depend upon the presence of definite

factors which Can be removed by appropriate cross-

ing, By this means we can produce a small plant

a ft* inches in height with an erect habit of growth,

without tendrils, with round instead of oblong pollen,

and with colourless deformed flowers quite different

in appearance front those of the wild form. Such a

plant ’.vouJd breed perfectly true, and a butanist to

whom ii was presented, if ignorant of its origin,

might easily relegate it CO a different genus. Never-

theless. though so widely divergent in Structure,

such a, plant must yet be regarded as belonging to the

species LatAynw ttferolitf, Tor it sti.J remains fertile

with the many different varieties of sweet-pea. It

is not visible attrihtiEcs that constitute; the essential

difference between one species ami another. The
essential difference, whatever it may be, is that

underlying the phenomenon: of sterility. The visible

attributes are those made use Of by the syStematist

in cataloguing Lhe different forms of animal and

plant life, for he has no other choice- Buf it must
not he forgotten that they are often misleading.

Uttltl they wore bred together Enrolls ivahlbtrgi

and E. wilma were regarded be perfectly valid species,

and there h little doubt tbac numbers of recognised

species will eventually fall to the ground in the same

way as soon as wc are in a position to apply the
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test of breeding Metldetum has helped Us to

realise that specific characters may he but incidental

to a species—that the true criterion of whst con

StituteS H. Species is sterility, and that particular form

Of sterility which prevents twn healthy gametes on

uniting from producing a zygote With normal powers

of growth and reproduction. For there are foross of

sterility which are purely mechanical. Tho pollen

of Mira&tfis jahpA cannot fertilise .If. lengifiora,

because the pdlen tubes of the former are not long

enough to penetrate down to the ovules of the latter.

Hybrids can nevertheless tie obtained from the

reciprocal cross Nor should we expect offspring

from a -St. Bernard and a toy terrier without recourse

ro artificial fertilisation. Or sterility may be due to

pathological CroJSe* which prevent the gametes from

meeting one another in a healthy State, But in

mest cases it is probable that the sterility is due to

soma other cause. It. :s not Inconceivable that

definite differences in chemical cam posit ion render

the protoplasm off one species toxic to the gametes

of the other, and if this is so it is not impossible

that, wc may some day be able to express these

differences in terms of Mcndeiian factors. The very

nature of the case mahes i" one of extreme difficulty

for experimental investigation. At any rate, we
realise more clearly than before that the problem o;

species is not one that can be resolved hy the study

of morphology or of sysiemotic£. It is a problem

in physiology.
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ECONOMICAL

StNCE heredity lies at the basis of the breeder's

work, il is evident that any contribution to a mere

exact knew ledge of ibis subject must, prove of service

to him, and there is nu doubt that be will Lift fthle^

to profit by Mendel ian knowledge in the conduct of

hLS operations- [ndced, as wc shall see later, these

ideas have already led CO striking results in the

raising of new and more profitable varieties- E

n

the first place, heredity is a question of individuals*

Identity of appears ice is no sure guide to repro-

ductive qualities. Two individuals similurfy hied

and indistinguishable in outward form cisay never-

theless behave entirely differently tvhcu tied from.

Take, for instance, the family of Etvcet peas

shown on Plate IV* The F
2
generation here con-

tists o3 seven distinct types, three StxrLS of purpleS]

ilwee sorts of Teds, and whites. Let us suppose that

our object is to obtain a true breeding strain of the

pale purple pic-atee form. Now from the pro-

portions In which they come we know that cite

dilute colour is dwe to the absence of the factor

which intensifies the colour. Consequently the



14 i MENDELISM CHAL'.

p-eotes cannot throw ".be two dSee^r shades of fed

or purple, But it may be heterozygous for |he

purpling Factor, when it will throw the dilute red

(Tinged white j, -Or it £aay be heterozygous For eLther

Or both of the two colour factors {cf. p. 41), in

which CO-^c it will throw whites. Of the picotces

which CDftlC in such 0 family, therefore, some will

give picutees, tinged whites, and whites, others wilt

give pieotees and tinged whites Ofiiiy, Others will give

pjeoteea and whites only, while others, again, and

these the least riEiETiCroLis, will give nothing but

picotees. The new variety js already fixed [n a

certain definite proportion of the plants
;

in this

pailicnlae instance in. I out of every 2y. AU that

remains to be done is to pick out these plants.

Since all the pJ«StC« loot alike, whatever their

breeding capacity
,
the onty way to do this is to save

the seed from a number of atlch plants rnlividnaUy
s

and to raise a further generation. Some of them

will be found to breed true. The variety is then

established, and may at once be put on the market

.Uth full confidence that it will hereafter throw none

of the other forms. The ail Important thing is to

save and SOW the seed of separate individuals

separately. However alike they look, the sred from

different individuals must on no account be mixed.

Provided that due earn is taken in this respect no

Long and tedious process of selection is required for

the fixation of any given variety. Every possible

variety arising from a cross appears En the F
3

generation if only a sufficient number is raised, and

of ah these different varieties a certain proportion of

each Is already fixed. Heredity is a question of
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individuals, and the recognition Ot this will save the

breeder much labour, acid enable him to fix his

varieties lit the shortest posable lime.

Such eases; as; tbe&u of the sweet pea throw a

fiesh light UptHl another of the breeder's- COnceplior.s,

that of purity of type, Hitherto the criterion of a

" pure-hrerf " thing, whether plant or animal, has

beer, its pedigree, arid the individual was regarded

as more or less pure bred for a given quality accord-

mg as it could show- a longer or shorter list of

ancestors possessing this quality. To-day we realise

chat this is not essential- The pure-bred pfeotee

aopears in our F.. family though its parent was a

purple bicoid, and its remoter ancestors whites fot

generations. So also from the cross between pure

strains of black and albino rabbits we may obtain in

the Fj, generation animate of the wild agouti colour

which breed a.; true to type as the pine wild rabbit

of irreproachable pedigree. The true test of the

pure breeding thing lies not :n its ancestry but in

the nature of Lhe gametes which have gone to its

mak ing, Whenevtr two sarri i I arly con sti Lined gametes

unite, whatever the nature of the parents from which

they arose, the resulting individual is homozygous

hi till respects and must consequently breed true.

In deciding questions of purity It is to the gamete,

and cot to ancestry, that our appeal must hence-

forth ba made.

Improvement as after a3i the keynote to the

breeder's operations. He JS aiming at the produc-

tion of a strain which shall combine the greatest

number of desirable properties with the least number

of undesirable ones. This good quality he muSL
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tike from one strain, thit from another, and lh.it,

again, from a third, while at the same time avoiding

all the poor qualities that tbe&e different strains

possess. It is evident that the Meadclian Concep-

tion of characters based upon definite factors which

are transmitted on. a definite scheme must prove of

the greatest service to him. For once these factors

hjve been determined their distribution is brought

under control and they can be associated together

or dissociated at the breeder's, will The chief

labour involved is that necessary for the determina-

tion of the factors upon which the various characters

depend. For it often happens that what appears to

be a simple character turns oulL when analysed Lo

depend upon the simultaneous presence of Several

distinct factors. Thus the Malay fowl breeds true

to the walnut comb, as does also the Leghorn to the

single comb, and when pure strains are crossed all

the offspring have walnut combs. At first sight it

would he not unnatural to regard the difference ns

dependent Upon the presence or absence of a single

factor. Yet. as we have already seen, two other

types of comb, the pea and the rose, ma>C their

appearance ill the F, generation. Analysis shows

that the difference between the walnut and tire single

Is a difference of two factors, and it is not until this

has been determined that we can proceed with

certainty to transfer the walnut character to a singls-

comhed breed. Moreover, in his process of analysis

the breeder must be prepared to encounter the

various phenomena that we have destrited under

the beading? oF interaction of factors, coupling, end

repulsion, and the recognition of these phenomena
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will naturally influence Ll r5- proced u re. Or, again,

his experiments may show ham that One of the

characters he wants, like the blue of the Andalusian

fowl, 13 dependent upon the heterozygous nature of

the individual which exhibits it, and if such is the

ewe he will be wise to refrain from any futile

attempt at fixing it If it is essential it must be

built Up ngaio in each generation, and he will

rccogni&e that the bPQ£t economical way of doing

this is to cross tile two pure strains so that all the

offspring may possess the desired character. The

Labour of analysis is often an intricate and tedious

business, Ssit once done it is done once for all.

As soon as the various factors aie determined upon

which the various characters of the individual

depend,, a3 soon as the material to he made use

of has been properly analysts, rb.c production and

fixation of the required, combinations becomes a

matter of simple detail

An excellent example of the practical application

of Mcndejian principle U afforded by the experi-

ment* which Professor biffen has recently carried

out ill’ Cambridge. Taked AS a ifhole English

wheats compare favourably with foreign MSS in

respect of their cropping power. On the other

band., they have two serious defects. They are liable

co suffer from the attacks oF the fungus which causes

rust, and they do pot bake into a good loaf.

Till? Last property depen da upon the amount of

gluten present, and tt is the greater proportion of

this which gives ro the Jl bard
15 foreign wheat its:

quality of causing the loaf to rise well when baked.

Fo: somo time it was held that '' bard
IF

wheat with

L
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a high glutinous content couEd not be grown ir.

the English climate, and Undo lid Led ly most of the

hard varieties imported for trial deteriorated greatly

in a very short time. Professor Bilfen managed to

obtain a hard wheat which kept its qualities when
grown in England. But in spite of the superior

quality of tts grain irom the hakei's poiot of view.

Its cropping capacity was foo low for ft to be grown
profitably in competition with English wheats.

Like the latter, it was also subject to ruse Among
the ay varieties which Professor fiiflen collected

and grew for observation he managed to find one

which was completely immune to the attacks of the

rnst fungus, though in other respects it had no

desirable quality to recorn mend ft, Now as the

result of an elaborate series of investigations, he was
ahle tu show that the qualities of heavy cropping

capacity, *' hardness " of grain, and immunity Lo rust

can all be expressed in terms of Mendeltan factors.

Having OliCO aaa lysed his material the rest was
comparatively simple, and rn a few years he has

beep a^ble to build up a strain of wheat which com-

bines the cropping rapacity of the best English

varieties with the hardness of the foreign kinds, and
at the *ame time is completely immune to rust

This wheat has .il ready be«n shown to keep its

qualities unchanged for several years, arid there is

tittle doubt (hat when it comes to be grown in

quantity it wili exert an appreciable influence On
wheal-growing in Great Britain.

It may be objected that it is often with small

differences rather than with the larger and more
Striking ones that the breeder is mainly concerned.
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li does not matter much £0 him whether the colour

of a oca flower ii purple Os' pink Of white, But it

does matte)- ivheLbsr the plant bears rather larger

Mods than usual, or rather more of them. Even 1

small difference when multtpJted by the size of the

crop will effect 1 considerable difference in the prof.t,

It is the general experience of seedsmen and oLhii+S

that differences of this nature are often capable of

being developed up to a certain point by a process

Fie. jr>

i.-JTYSY h: lllillLtH£ lh^lHfllHW jJ-wlfi'llrfW,

of careful selection each generation. At first sight

this appears to be something very like the gradual

accumulation of minute variations through the con-

tinuous application of a selective process. Some

rdCent experiments by Professor Johannsencf Copen-

hagen set the matter in a different fight One uF

his invest igations deals with the inheritance of the

weight of beans, but as an account of these experi-

ments WOUfd involve uS in the coELsidera Lion of a.

large amount of detail we may take a simple

imaginary case to illustrate the nature of the con-
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elusions at which he arrived. If wc weigh s

ninsuc: of seeds collected from a patch of plants

such as JobanrtSCfi's beans we should tind that they

varied considerably in sist. The majority would

prob&hly not diverge very greatly from the genera]

average,, and as we appreachetl the high or law

extreme we should Had a constantly decreasing

number of individuals with these weights. Let us

suppose that the weight of our seed varied between

4 and 20 grains, that the greatest number of

seeds were of the mean weight, viz, i S grains,

and that as we passed to either extreme at 4

and 50 the number became regularly less- The

weight relation of s.uth a col lection of seeds can be

expressed by the accompanying curve (Tig. 30).

Now IF we seleer for sowing only that seed which

weighs over 13 grains, we shall rind that in Lbc

aejit generation the average weight of the seed is

raised and the curve becomes somewhat shifted to

the right a-S in the dotted line of Fig 50- By con-

tinually selecting we can shift: cm curve a little more

to the right, i.i

.

we can increase the avenge weight

of the seeds Until at last we come to a limit be-

yond which further selection lias no effect. This

phenomenon has been Jong known, and it was

customary to regard these variations as of a con-

tinuous nature, i.s. as all chance fluctuations :n a

homogeneous mass, and the effect of selection was

supposed eo afford evidence that -small continuous

variations could be increased by this process, But

Johannsen's rOsulti point to another inierpretatiiML

Inatead of our material beirtj^ homogeneous [t i.s

probably a mixture qf several strains Ciuh With ilS
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OWO 3-VCrage weight about which the varying con-

ditions of the environment cause it to fluctuate.

Each of these Strains is termed a pure Line. If we
imagine that there are three such pure lines in our

imaginary OlsC, with average weight? iQ, E 2
, 14

grains respectively, and if tile range of fluctuation

of each, of these pure lines is ] 2 grains, then our

H IQ 12 14 I*

Weight of indlvidnaj $sfi£s

Oirv« id Olonw rnp ransTnon af tuns linn ir n popuUrijn,

curve must be r

cojnpmiOfitS

cmed as made

A fluctuating between 4 and iG with a menu of to

B J5 „ <5 „ i3
rt h 12

C 3 , ij. 8 ,( ae ]j 11
t +

as 15 shown in Fig. j t. A seed that weighs 12

grains may belong to any of these three strains, It

may be an average seed of R, or a rather largo seed

of A, or a rather small seed of C. If it belongs to

B ft? offspring will average 12 grains, if to A
they will average IQ grains,, and if to C they

will average 1 4 grains. Seeds of similar weight
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may give a different result because they liappen to

be Ouctu anions of different pure lines. ttut within

the pur? line any seed, large or small, produces the

average result for th.it Hue. Thus a seed of line

C which weighs 30 grains will give practically the

same result as one that weighs TO grains.

On LhlS view -.vc can understand why selection

of llue largest seed raises the average weight in the

next generation. We are picking out more of C

ami less of A and E, and as this process is repeated

tbs proportion of c gradually increases and we get

the appearance of selection acting on a continuously

varying homogeneous material and producing a

permanent effect. This is because the interval

between the average weight of the different pure

lines Is small compared! with the environmental

fluctuations. None the Jess it is there, and the

secret of separating and fixing any of these pyre

lines Is agfdr. :o breed from the individual separately.

As soon as the pure line id separated Further Selection

becomes superfluous.

Since the puh.Scatinn of Darwinfe famous work

upon the effects of cross- and self-fertilisation it has

been generally accepted that the effect of a cross is

commonly, though not always, to introduce fresh

vigour into chc offspring, though why this should be

so we are quite ai a loss to explain. Continued

close inbreeding, on the contrary, eventually leads

to deterioration, though, as in many self- fertilised

plants, a considerable numher of generations may
elapse before it showj itself in any marked degree.

The fine quality Of many of the seedsman^ Choice

varieties of vegetables probably depends Upon the
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feet that they have resalted from a cross but a few

^etwratJona Wk, and It Is possible that they often

oust the older kinds not because they started as

something intrinsically better, hut because the latter

had gradually deteriorated through contmuous sdf-

fertilisatiori. Most breeders are fully alive to the

beneficial results of a cross so far as vigour Is con-

cerned, hut they often hesitate to embsjk upon it

owing1

Lo what was held to be the inevitably lengthy

and laborious business of recovering the original

variety and re fixing it, even El in the process it waft

not altogether lost. That danger Mentfehsm has

rerr.DYed
r
and we now know that by working on

these lines it Es possible in three or four generations

to recover the original variety in a fixed state with

all the supvradded vigour that follows from a cross,

Nor is the problem one that concerns self-fertilised

plants only. Plants ihar are reproduced asexualiy

often appear to deteriorate alter a few generations

unless a sexual generation is introduced. New
varieties of potato, for example, are frequently put

upon the market, and then excellent qualities give

them a considerable vogue- Much is expected of

them, hut time after time they deteriorate in a di&

appointing way and are lost to sight, It is not

improbable that we are here concerned with a case

in which the plants lose their vigour after a few

asexual generations of reproduction from tubers, and

can only recover it with Lhe stimulus that results

from the interpolation of a sexual generation, Un-

fortunately this generally means that the variety IS

lost, for owing to the haphazard way :n which new

kinds of potatoes are reproduced it fe probable that
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most cultivated varieties are complex heterojygotes r

Were the potato plam subjected co careful analysis

and the various. factors determined Upon which [is

variations depend, we should be in a position to

remade conrifluaJly ary good potato without running

the rids of losing it altogether, as ls now so often

the case,

The application of Mcndclian princip’cE is likely

to prove of more ini mediate service for plants than

animals, for owing to the Istge number which can

be rapidly ranee fr&m a single individual and the

prevalence of self- fertilisation, the prncess of analysis

is greatly simplified. Even apart from the circum-

stance that the two sexes may sometimes differ in

(heir pewenj of transmission, the mere fact of their

separation renders the analysis of their properties

more difficult- And as the constitution of tlie, indi-

vidual is determined by the flat are and quality of its

offspring, il is not easy to obtain: this knowledge

where the offspring, as in most animals, are relatively

few. Still, as has been abundantly shown, the same
principles bold good here also, and there is no reason

why the process of analysis, though more trouble-

some, should not he effectively carried out At the

same lime, it affords the breeder a. rational basis for

some familiar but pWilling phenomena. The fact,

for instance, that certain c.haractei's often
41 skip a

generation
11

is simply the eflecr of dominance In F,

and the reappearance of the recessive character in the

following generation, ‘“Reversion" and " atavism,''

again, arc phenomena which arc no longer mysterious,

but can be simply expressed ill Mendeiian terms
as we haw already suggested in Chap, VI, The
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occasional appearance of a Sport In a supposedly

puns strain ia often due to the reappearance of a

re-cC-sSi^e Character. Thus even an the most highly

pedigreed strains of polled cattle such as the Aher-

deen-Arig-JS, occaabrsal individuate with horns appear.

Tho polled character Is dominant to the homed, and
the occasional reappearance of the horned animal

is due to the fact that some of the polled herd are

heteroaygciLER lit this character. When two such indi-

vidual:; aro mated, the chances arc s in 4 that the

offspring will be horned. Though the heterOiygOUS

individuals may be indistingulsbabSe In appearance

from the pure dominant they can be readily separated

by the breeding Lest Tor when crossed by the

recesgsve, in this case horned animals, the pure

dominant gives only polled beasts,, while ibc hetero-

zygous individual gives equal numbers, of polled and

horned ones In this particular instance it would

probably he impracticable to test all the coos by

crossing with a homed bull, For In each case it

wculd be necessary to have several polled calves

from each before they could ivrth reasonable certainty

be regarded pure dominants. But to ensure that

no homed calves should come, it is enough to use a

hull which is pure for that -character. This can

easily he tested by crossing him with a dozen or so

homed cows. If he gets no homed caSvss out of

these he may Iw; regarded as a pure dominant and

thenceforward put to bis own cows, whether homed
Or polled,, with the certainty that all his calvss will

be polled.

Or, again, suppose tSiaL a breeder has a chestnut

mate and. via heg to make certain of a bay foal from
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hgr. We knew that bay fa dominant to chestnut,

asri that if a homozygous bay stallion is used a bay

[oal must result In Ilia choice of a sire, therefore,

the breeder must be guided by the previous record

of the animal, and select One that bat never given

anything but bays when put U> eitheT bay or chest-

nut marcs. In this way he will assure himself of a

bay foal from his chestnut marc, whereas i: the record

nf the sire shows that he has given chcStOUlS he Will

be heterozygous* And the chan«9 of his getting a

bay or p. chestnut out of 3 chestnut mate arc equal..

It is not impossible that the breeder may be

unwilling to test his animals by crossing them with

a different breed through fear that their purity may

be. Thereby impaired* and fhat die influence of the

previous cross may show itself ifl succeeding genera-

tions. He might hesitate, fur insts-nce, to test his

polled cows by cruising them with a homed bn I L for

fear of gecting horned calves when the cowa were

afterwards put to a polled bull of their own breed,

The belief in Che power uf a sire to Influence sub-

sequent generations, Of tclegcny a; it is sometimes

called, is not uncommon even to-day. Nevcrdleless*

carefully conducted experiments by more than one

competent observer have faded to elicit a Single shred

of unequivocal evidence in favour of the view. Until

we haw evidence hased Upon experiments which are

capable of repetition* we may safely ignore tclcgany

as a factor in hcredity.

Heicroiygous forms play * greater part In the

breeding of animals than of plants, for many of the

qualities sought after by the breeder are of this

nature. Such is the blue of the Andalusian fowl*
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and* according to Professor Wilson, the man of the

Shorthorn is similar, bein^ the heterozygous form

produced by mating: red with white. The characters

of certain breeds of canaries and pigeons again

appear to depend upon their heterozygous nature.

Such, forms cannot, t>F course, eve* he bred true,

and where several factors arc concerned they may
when bred together produce bet a small proportion

of offspring like themselves. As soon, however, a?

their constitution has been analysed and expressed

in terms of Mcr.deJian factors, pure strains can be-

built up which when crossed will give nctliirig but

offspring of the desired heterozygous form.

The points with which the breeder is concerned

are often fine ones, not very evident except to the

practiced eye. Between an Ordinary' Dutch rabbit

and u winner, or between the comb of a Hamburgh
that is fit to show and one that is nek the differences

are not very apparent lo the uninitiated. Whether
Metldelisra will assist the breeder in the production

of these finer points is at present doubtful. IL may-

be that these small differences are heritable, such as

those that form the basis of Johan men's pure lines.

In this case the breeder's outlook ls hopeful. But, it

may be that the variations which he seeks to per

petwite ara of the nature of fluctuations, dependent

Upon the earlier life conditions of the individual,, ar.d

net upon the constitution of the gametes by which

it was Formed. If such Is the case, he will get no

help from the science of heredity, for we know of

no evidence which, might lead us to suppose that

variations of this sort can evflr l?ect>-me fixed and

heritable.
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i-IAN"

TlfOUGH the Interest attaching to heredity in mmi
L3 more widespread than in other animals, it is far

more difficult to obtain evidence that LS both- com-

olcte and accurate. The spteies is Orie in wfiieh

the differentiating characters separating individual

from individual are very numerous, while the number

of the offspring :£ comparatively few* and the gener-

ations are far between. For these reasons, even if

st were possible, direct experimental work with man
would hr: likely 10 prove both tedious and expensive.

There is, however, another method besides the diTCft

one from which something can be iuariced.. This

consists in collecting all the evidence possible, ar-

ranging it in the form of pedigrees, and comparing

it with standard cases already worked out in animals

and pSarits. In this way it has been possible to

demonstrate in man ihc existence of several char-

acters showing simple Mendelim Inheritance, As
few besides medical men have hitherto been con^

cerned practically with heredity, such rmcorcs as

exist are, for the must part, records of deformity or

of disease. Sd it happen? that mostef the pedigree
at present available detd with charr-,ctcrs which are

t<6
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usually classed as abnormal. In some of those the

inheritance i* dearly MendeUan, One of the cases

which has been most fully worked out is that of a

Fi*> 33-

NdiTTM^ #nri tiraufdBcLjIaoj hindi p I luEtthtT for ^nfnpaHim.
[I'jc-rii Dnik-^wr,)

deformity known as brachydadtyly, I n braeby-

rtaotyLous, ueOpLe the whole of the body is much

Sttmted, and the fingers arid toes appear to have two

joints only instead of three (of. his.s, 3? and 33}.

The inheritance of this peculiarity has been carefully
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investigated by Dr. Drinkrriter, who collected all the

data he ws; able to find among the members of a

large family in which it occurred, The result is the

pedigree shown cm p, 159. It is assumed that all

who are recorded as having offspring were married,

lo normals. EsaminatcoR of the pedigree brings

out the facts {[) that all affected individuals have an

affected parent
; 2) that none of the unaffected En-

1?!*- 33-

,. lirjEtyd&iri > < .

dividual^ though sprung from the affected, ever

have descendants who are affected and ( 2 )
that in

families where both affected unaffected occur,,

the numbers of the two classes are
f
on the average,

equal. (The sU.ni of such families in the complete

pedigree le thirty-nine affected and thirty-six normals.)

It is obvious that these are the conditions winch arc

fulfilled in a simple Mendr'ian case, and there is

nothing in this pedigree To contradict the assertion

that brwhydactyly, whatever it may be due to.
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behaves as a simple

dominant to the

normal lortr'i. i.'j,

that it depends
upon a fatter which

Hie normal dees

nol contain. The
recessive normals

cannot transmit the

affected -condition

whatever their

ancestry. Once
free they are always

free, and un marry

oilier normals -with

full confidence that

none af their chil-

dren will show the

deformity,

The evidence
avai lable from pedi-

grees has revealed

the simplest form

of MedelijLfl in-

heritance in several *" f*

human defects and

diseases., atri&n“

which may he men-

tioned pre senile

cataract of the eyes,

an abnormal form

of skin thickening

in the palms of the
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hands and sole:; of the feet, known as tylosis, and

epidermolysis tijLlQg-a.^ e disease
-

in which the skin

rises up into numerous bursting blisters,.

Among the most interesting of a]] human pedi-

grees is Ofi-S recently built up by Mr. Nettlcship

from the records of a night-blind family living

near Montpellier in the south of Franco, In night-

LjI f r'L i.i people the retina ; s insensitive to Light which

falls beiow a certain intensity, and such people

arc con sequent' v blind in fO-iliRg daylight or in

moonlight. As the Montpellier case had excited

interest, for some time, the records ire unusually

complete. They commence with a certain Jean

Novgamt, who was bom in 1637, and suffered from

night -blind ITKS, and they end for the present "with

children who are To-day but a few years of ago.

Particulars are known of over 2000 of the descend-

ants of Jean Nouganfit. Through ten generations

arid nearly three centuries the affection has behaved

as a Mettdeliari dominant, and there is no sign that

long* continued marriage with folk of normal vision

has produced any amelioration ol the night -blind

slate.

Besides, cases .such as these where a simple form

of Mendelian Inheritance is obviously indicated, there

are others which are more difficult TO read Of some

It may be said that on the whole Lhe peculiarity

behaves as thutigh it were an ordinary dominant

;

but that exceptions occur in which affected, children

arc horn to unaffected parents, it is noL impossible

Lhat the condition may, like colour in the sweet-pea,

depend upon the presence or absence of more than

one factor. In none of these cases, however, are
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the data sufficient for determining With certainty

whether this is so or not.

A group of cases of exceptional interest is that

in which the incidence of disease is largely, ic' not

absolutely, restricted to one ses?, and SO far as is

hitherto known the burden is invariably borne by

the male. In the inheritance of col our-b'ind ness

[p . roB) we have already discussed an instance in

which the defect is rare, though not unknown
,
in the

female. Sex- limited, inheritance of a similar nature
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:S known for one or two ocular defects, and For

several diseases of the nervous system. In the

peculiarly male disease known As liajfilOphilia the

hiocd refuses to clot when shed, and there is nothing

to prevent great loss from even a superficial, scratch.

In its general trend the inheritance of hemophilia, is

not unlike that o: horns among sheep, and it is possible

that we arc here again dealing with a character which

is dominant in one sex and recessive in rhe other.

But the evidence so far collected points to a differ-

ence somewhere, for in hemophilic families the

attested males, instead of being equal ;n number to
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she unaffected, show a oansidefahle preponderance.

The unfortunate nature of the defect, however, force

S

US- to rely forom interpretation almost entire.y upon

the families produced by tile unaffected females who

can transmit it Qur knowledge of tlie offspring-

of u bleeding:" mules is as yet far ton scanty, and

until it is improved; or until we can find some

parallel case in animals or plants, the precise

scheme of Inheritance for hemophilia must remain

undecided.

Though by far the greater part of the human

evidence relates to abnormal or diseased condition*

a start has been made in obtaining pedigrees of

normal characters. From the ease with which Et

can he observed, it was natural that eye -colour

should he early selected as a subject of Investigation,

and :he work of H mar and Others has dearly demon-

strated the existence of one Mendel fan factor in

operation here. Eyes are of many Colours, and the

colour depends upon the pigment En the iris. Some

eyes ha^e pigment on noLli does of the iris—On the

side that faces the retina as well as on- the side that

looks out upon the world. Other eyes have pigment

on the retinal side only. To thin class belong the

blues and Clear greys
;
while the eyes with pigment

in front of the ifis also are brown, hazel, or green in

various shades according to the amount of pigment

present, In albino animals the pigment is entirely

absent, and as the little blood-vessels are not ob-

scured the irfa takes on its characteristic plrlk isll-red

appearance. The condition in which pigment is

present, in front of the iris is dominant to that in

which it is absent, Grfc&EiS, browns, or hazels mated
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together may, If EirtcrcRygouSj give the recessive

blue, but no individuals of the brown cl,ass ire to

be ]*3kod for among the offspring of bl Lies mated
;ogetber. The blues, however, may carry factors

which are capable of modifying the brown, just

as the pale pink -ringed Sweet pea (PI- IV., 9 )

wlien mated with a suitable white gives Only deep
purples, so an eve with very little brOtvn pigment
mated with certain bittes produces progeny of a
deep brown, fit darker than either parent. TllC

hiue may curry a factor which brings about intensi-

fication of the brown pigment There are doubtless

Other factors which modify the brown when present,

bur we do not yec know enough of the inheritance

f the various shades to justify any statement other
than that the heredity of the pigment in front of tbc

iris behaves as though it. were due to a MemdeSlan
factor.

Even this -art i.j of ironside rah la importance, tor

it at once suggests trat che present Systems of daesh
fication of eye-colours, to which some anthropologists

attach considerable weight, arc founded on a purely

empirical and unsatisfactory basis. Intensity of
colour is the criterion at present in Vogue, and it is

customary to arrange the eye-colours in a scale of
increasing depth of shade, Starting with pule greys
and ending with the deepest browns. On this

system the lighter greens arc placed among the

blues. But we now know chat blites may differ from
the deep browns in the Absence of only a single

factor, while, on the Other hand, the difference

between a blue and a green may be a difference

dependent upon more than one factor. To what
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eKtftnt eye-colour miy be valtUtili Jls 4 criterion. of

race it is at presetl c impossible to say, but if it is

ever to became sO
h

It will only be after a searching

MeoddHan analysis has disclosed the lectors upon

which the numerous varieties depend.

A discussion of eye-colour suggests rcRedious -of

another kind. It is difficult to believe that the

markedly different states of pigmentation which

oCCttr in the same species are not associated with

deep-seated chemical differences Influencing the

character and bent ol the individual May not these

differences in pigmentation be couplod with and .to

become in some measure a guide to mental and

temperamental character i sties? In the National

Portrait Gallery in London the pictures of cele-

brated men and women arc Largely grouped accord-

ing to the vocations in which they have Succeeded.

The observant will probably have noticed that there

is a tendency for a given type of eye-colour to pre-

dominate in seme of the larger groups. It is rare

to find anything buL a blue among the Soldiers and

sailors, white among the actors, preachers, and

orators the dark eye is predominant, although for

the population as a whole it is far scarcer than the

light. The facts are suggestive, and it is not im-

passible that future research may revcaE an intimate

connection between peculiarities of pigmentation aod

peculiarities of mind.

The inheritance of mental characters is often

elusive, for it is frequently difficult to appraise the

effects of early environment in determining a man's

bent. That ability can lie transmitted there is no

doubt,, for this is borne out by general c xperfencc.
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as well S3 by the numerous cases of able families

brought together by Gal ton and others, Hue when
wc come to inquire- more precisely what si is that is

transmitted we arc baffled, A distinguished son

follows in the footsteps, of a distinguished father, is

this duo 10 the tnhfirEtanee Ot" a particular mental apti-

rude, or is it an instance of genera] mental ability

displayed in a field rendered attractive by early

association ? We have at present very .-ttlc definite

evidence for supposing' that what appear to be

sped a] forms of ability may be due to Specific

factors. Hurst, indeed, has brought forward some
facts which suggest lhat musical sense sometimes

behaves as a recessive character, and it is likely

that the study cF some clean cllc faculty such as the

mathematical one would yield interesting results.

The analysis of mental characters will no doubt

he '.'cry difficult, and possibly the best Line of attack

Ls to search for cases where they two associated with

some physical foam re such a^ pigmentation, if an

association of this kind be found, and die pigmenta-

tion factors be determined, it is evident that we
.should thereby obtain an insight into the nature of

the units upon which mental conditions depend.

Nor must it be forgotten Lhat mental qualities, such

as quickness, generosity, instability, etc^—qualities
which we arc accustomed to regard as convenient

units in classifying the different minds with which

vc arc daily brought into contact—arc net neces-

sarily qualities that correspond to heritable units.

Effective mental ability is largely a matter of tem-

perament, and this in turn is quite passably dependent

upon the various secret i 0115 produced by the different
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tissuffi of lHit body, Similar nervous systems associ

a-ed with different livers might conceivably result in

individuals upon wtlO$C mental sbiliiy The world

would pass a wry different judgment: Indeed, it is

not at all int possible that a particular form at

mental ability may depend tor its tnarnifegtatEon, noL

ho much upon sn essential difference if) the structure

of the nervous system, as Upon the production by

another tissue Of some specific poison which causes

the nervous system to react in a definite way. We
have mentioned these possibilities merely to indicate

how complex the problem may turn out to he.

Though there is 1)0 doubt that mental ability ja

inherited, what it is that is transmitted, whether

factors involving the quality and structure of die

nervous system itscif, or factor- involving the pro-

ductive. of specific poisons by. other tissues, or both

together, 1-h at present uncertain.

Little as ts known Co -day of heredity- in man,

tbai little is of extraordinary Jignificancc. The

qualities oF men and women, physical and mental,

depend primarily Up&fl the inherent properties of the

gametes which went to their making Within limits

these qualities are clastic, aOg carl be modi Hod to n

j: 1 eater nr lesser extent by influences brought CO bear

Upon The growing ijrgote, provided always that ctie

necessary basis is present upon which these influences

cao work. If the mathematical faculty has been

carried in by the gamete, the education of the zygote

will enable him to make the most of it. But if the

basis is not there. nO Amount of education can trans-

form that zygote into a mathematician. This is a

matter of common experience. Neither is there any
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rcR-van for supposing that the superior education, of a

mathematical zygote wll] thereby increase the mathe-

matical propensities of the gametes which live within

him,. Fur Lhe gamete recks little of quaternions, It is

i rue that there is progress of n ki nd in I he world, and

that this pi'Ogress is Largely duo to improvements in

education Sold hygiene. The people cf to-day arc

better fitted to c-npO with their material surroundings

than were the people of even a few thousand years

ago. And as rime goes on they are ub-e mere and

more to control the workings of the world around

them. lint there is no reason for supposing ihiiL

this is because the effects of education arc inherited,

Man stores knowledge as a lies stores hooey or a

squirrel stores nuts. With man, however, the hoard

(5 of a more luting nature- Each generation in

using it sifts, adds, and rejects, and passes It on to

the next a little better and a liLtle Fu'ler. When
we speak of p regress we generally mean that the

hoard has been improved, and is of more service to

man ha his attempts to control his surroundings,

Sometimes this hoarded knowledge is Spoken of as

tlie inheritance which a generation receives from

those who have gone before, This Is misleading.

The handing on of such knowledge bad noth i tig

more to do with heredity in the biol-ogical sense than

has the handing op from parent to offspring of a

picture, or s title, o? a pair of boots,. Ala those

things arc but the transfer frOL't'L sygote to sygotc

of aomothieg extrinsic to the species, Heredity, or.

the other band-, deals widi the transmission of some-

thing intrinsic from gamete to zygote and from

zygote to gamete. It is the participation of the
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gsmete in the protest that is our criterion of what

is and wliat is not hcredity.

Ectter hygiene and better education, then,. are

gqnd for tlit: zygote. bccF-use titey help him to make

LlK fullest use of bis inherent qualities. But the

qualities themselves remain unchanged in so far as

the gamete is concerned, since the gamete pays no

heed to the intellectual development of the zygote

in wboiin lie happens to dwell, Nevertheless, Upon

the gamete depend those Inherent faculties which

enable the zygote 10 profit by his opportunities, and,

unless the zygnte has received them frem the gamete,

the advantages of cdutatlcn are Of little worth. If

we axe bent upon producing a permanent betterment

that shall be independent of external circumstances,

if we wish, Lhe national stock to become inherently

more vigorous in mind and body, more free from

congenital physical defect and fcehlc mentality, Letter

abLc to assimilate and act Upon Ibe stotca of know-

ledge which have been accumulated through the

centuries, them it Is the gamete that we must con-

sult The saving grace is with the gamete, and

with the gamete alone.

People generally look upon the human species as

having two kinds of individuals, males and females,

and it is fer them that the sociologists legislators

frame them schemes. This, however, l£ but 3'n im-

perfect view Co take of ourselves, In reality we are

of four kind ornate zygotes and female zygotes, large

gametes and small gametes, and heredity is the link

that binds ns together. If our lives were like those

of the starfish or the sea-urchin, we should probably

have realised this soooe.fr For ihe gametes of these



animals live freely, and contract their marriages in

tho waters of tile sea* With U5 ft is different,

because half of u£ must Live within I he Other half or

perish. Parasite; upon the test, levying a daily toll

of nutriment upon their hosts, they arc yet in SCme
measure the arbiters of the destiny of those within

whom they d wel L At the m ament of union o f two
gametes is decided the character of another sygote,

as well as the nature of the population of gamebes

which must make its home wtthifl him. The unicn

OIKC effected the inevitable sequence takes its course,

arid- whether it bo good, or whether it he evil, we, the

zygotes, have no longer power to alter ft. We are in

the hands of the gamete; yet not entirely. Far

though we cannot influence their behaviour we can

nevcrtheEess control their unions if we choose to do

so. By regulating their marriages, by encouraging

the desirable CO come together, and by keeping the

undesirable apart WO could go far towards ridding

the world of the squalor anti the misery that COitte

through disease and weakness and vice, Bat before

we can be prepared 10 act, except, perhaps* :n the

simplest oases, we must learn far more about them.

At present we arc woefully Lgr.nj&nc of much, though.'

we da know that full knowledge Is largely a matter

of time and means, One day we shall have it,. and

the day maybe nearer than moat suspect Whether
we mate use of it will depend in great measure Upon

whether wo are prepared to recognise facts, and to

modify or even destroy some of the conventions

which wc have become accustomed, to regard a; the

foundations of our sodat life. Whatever be the

outcome,, there tan be little doubt that the future of
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our civilisation, perhaps even the possibility of a.

future at all, is wrapped up with the recognition we
accord 60 tilCISC who live unseen £:id marticiiEate

within us

—

the fateful race of gametes so ijrevocabiy

hound to us hy that closest of all ties* heredity.
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As some reader? may possibly care to repeat

Mendel'? experiments for themselves, a few wards

on the method? used in crossing may not be super-

fluous- Thu flower of the pea with its standard,

mugs,, find median keel is too familiar tO need

description, Like* most flowers it Ft hermaphrodite.

Both male and female Organs occur on the same

flower, and are covered by the keel. The anther?,

ten in tiumber, ore. arranged in a circle round the

pistil, As soon a? they Ore ripe they burst and shed

their pollen on the style. The pollen tubes them

penetrate the stigma, pass down the style, and

eventually reiith the OVUle? In the lower part of the

pistil. Fertilisation occurs here. Each ovule, which

is readied by a pollen tube, swells up and becomes 0

seed. At the same time the fused carpels enclosing

the ovules enlarge LO form the pod. When this, the

normal mode of fertilisation, takes place, the flower

is said to be selfbCh

In eroding, it is necessary to emasculate a

flower on the plant chosen to Be the female parent.

For tills purpose a young flower must he taken

in winch the anthers have not yet burst. The
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kefjl is depressed, and the stamens bearing the

anthers are removed at their bast by a pair of nne

forceps. It will probably be found necessary to tear

tlie keel slightly in order to do this. The pistil IS

(ben covered up again with the keel, and the flower

is enclosed in a bag of waxed paper until the follow-

ing day. The Stigma is then again exposed. and

dusted with ripe pollen from a flower or the piunl

selected as the male parent. This done, the keel is

replaced, and the flower again enclosed in its bag to

protect if from the possible attentions of insects until

it has set Seed, The bug may be removed in about a

M-eek after fertilisation. 1 1 is perhaps hardly necessary

to add that strict biological cleanliness must he

exercised during the fertilising operations. 7'llis is

readily attained by sterilising fingers and forceps

with a little strong spirit before each epeiEtion, there-

by ensuring the death of any foreign pollen grains

which may he present

The above method applies, also to sweet peas.

wLth these slight modifications As the anthers ripen

relatively sooner in this species, emSicULiJtliOfj must

be performed ec a rather earlier stage. It is generally

safe to choose a bud about three parts grown. The

Interval between emasculation and fertilisation must

be rather longer. Two to three days is generally

sufficient. Farther, the sweet pea ls visited by the

loaf-cutter bee, Migadwe, which, unlike the honey

bee, is able to depress tbe keel and gather pollen,

if the presence of this insect is suspected, it is

desirable te guard against the risk of admixture of

foreign pollen by selecting for pollinating purposes

a Rower which has not quite opened. IF the
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stinkard not erected, Tt Is unlikely Eu have been

l: islici by Megasfait. Lastly, it not infrequently

happens that the Lttlc beetle Mdtgeihes is found

inEide tie keel. Such ffovets should be rejected

roe grossing purposes.





r

A&rVXnt /MM-iuALriil'd, DT
11 Acquired " duanCim. 13

.-.J-Lpl-T.: ^,1 : 1 . tj*

AtfOUd tVl!C±, 4S

.tibl nn take, 4.$

AIMnw. iiCJrt nr, 4 LI

rm4±jti, c 33
Analysis rf Iryvv. P-ii

Heredity, Lev cf, : i

And n Ius inn ftndl. S4

AsiL cdcwr Id ineei p^st Hj

l!a'.M‘j|i W, . =ji yi., id?. is

a*
UiSen, EL H.. 34 =

AnWliKlm buLi. &5
SfcnElLj'daLcyLy. 137
Bryony. 1 Ci

fi-iih tweet pcaiy 57

QHCln, iaa

Cz'tlE, hcrca in. 7p. tt,g

Colour, rmlurf Qt, in f.cttrs,, 45
Cnlcfir-bLindnesE. 10B

Gamin Offdttli-. ?g, 4fi

Cdften:. C .
ali. lit

CorpL~ig c:" dmniSHlT in

t6
CltftLat. 46, 110
" CupW " iwnW P**L
Otfunt mu-ill, pi

iJSrtln, C.. s to, 135. 350
Be Vries, 13 .. 14. i-5 . 130
DinsdoliaiuJ^f Ira -virtnuon. 13

l&qniinaiu. characters, t-S

Dnnciuler L, r &[

Drinkwasw, H., sjH

DHX
Diitzhi rabbits, 55

Rees, a

EnViriwrntial . idPjuFuce cd. ia?
j'fi'.-u j'l'ii, 134
owZiric., g, 7B, lag

Fjft, lit jirli»ultf. ji

Eje-coJoar, .n man. iCi

Factor-, debr.idsra o'. sS

lector:, inimu1

Lion of, jp
feriil^Uon, j
Fer Li liunion, sdr- and crais ... 130
Fiiralbd Oif ‘'Sticfll#*, l-i 1

i iirtmlft-nip 12'J

Fowh, unwonted frtHii Will Wa, 4.5. fcS

fnilLon. it, 167.

GnmHLti, llACUi'e: oJ, i

firagory. EL P., 51. flo

MfljmopLilln, l6l

Hardy, -5. H-. a;^
HiiiscWTIMti deiinillon raf, ij

Hcurcij^nCe, or bleruirij^ie

fWftlH 6-.J

Hityazlit9\ r 24, 333,

ULmnln.yi.-n mLililci, 15

prin-.nlaa, =,s

ESomoij-prte, d"li i! iiMi ed
1

,
at

H&Bflifi (.weet ras. Ha

rtnries, hiy r.nd cbrtlOul Id, E33

Hunt. C. C., iJ. 16a. 163

[ramnnily ia -iiliEai. f+fi

Tnullv diis]ny, 125,

Enhibtiion, fncltji’: r>,SF. fig, gy
ZnlJcrmtsliaC&i, icfi

T75



i 76 MENDEL ISM

W., L47

Ltfp-'" •••i rn’iiliin, 132

Itfrdnl, T, lj, 74, i-*2

’hllllMll rhU.lOLtrj, lDj

S jio_, in!:<ril.'.s:u 00 rooS odivar -n.

Mimicry, rjj

HirqtiKi, S4*
Morrcii, T. JE., i&i

MnlnUcj, 2 to

M omics., jf, 127

NSffell. C. M
Nutrua:] selection, id. 13a, 13a,

N«ult,m
l
: 1 tl r 2<ie

j^igpL-Hirdncis, 2 '. a

Paratje Qpna, 122

r
1

- i : 1 J. . e 1 z

Pia-MC-it* 19

l^ens, eotocccd drmfEn is:. 22

h--jr in!! ami '-'i'ilf. 15

L'ifjsons, 79
Vm-rjH ;n prhrulrn, qr

Piru.hi. 15

PrimuLir, at?, 5:, 63. Si
P.ylbn. $

PailKi or i^rl pent, B;

POfUfliiit flfr Jifii

Pop'jl.irimi. LnbehrEtuioi -af dutr-

f**m in. f. jfi

Presence mil AbcsEicc thmir, jc

Pur? Ii-*; ijg

I'uJILj Of riliuEi;,. 12

Purity oJ lipe, 243

EahtriU. +7 53
*ai<K, Trfeililr' :m—

Ii iH

5 - 3 ; j : 1 . 73 , ip

9 S = - B

9 7. 4*
Hfcy, Jahs, IJJ

Pccessi'T; cbaraiSura, t7

RC|iubuni bmueen fiian. S3

fttTEriiun, 54, 152

in raMlIls, 33

III. peu,, j?
1 in fowl*, 59

in i:i”j;i:iih. 5a
Rjoheodnib, i;;i

. Jinundnrs. c. FL
. gDi 22a

Snids iiniim; <ir, 4

Inc-^ rg.L'.lui i, 2.0,

Selcdicn. 130
Sh^ti. luiis It, 7 l

Siliiy fn^Li. 27 57
Hiii^l* roniU 23

Sr.«. «i, rjmuttaT, 23B

Spctie:, 0^7,21 oT,

- v,-nn:l IhiLLerlly, isa

yipcrmruncaa. 3

13s

,

Fyifcplcfc-Bnorn'nc, K.
,
4 r

Filcrii'hy. 140

Si^FlSny .a i-rttst pw £5

.
Slocuj, daiijt. 121

Stork*, i 1 0; 1 r i
' 1

'.->! It, 50
14 fi nti. odour in, 41, 74

history of, 7^

in! h 1 l!:';i - (Sf hood in, El

inbcrilar.ee d size in, 57

Tdegaby, :=4

Tara hr >-•: in primulas, $r
' Toe. eiira. Loe n poultry, 70

Tsckcrmnii. E,. 26

Unit-cbrtlfMlia, litilblilosi or. iH

Vacation, :j, is?, 2.23

Vi’nlYijL tomb, 29
Wei'nto.'in, A., j =

VT-jtHt, Luij-.l in, 69
erptcfmcnis vrllJi 1

1

3

While, fciiiinnnr n poddy. (ij

WB*nn P J., roj

Yellow mire, r to

Zyjcoes, nature of, 5

FrrMiffd tj ti. 5i ii. CLajj;, iJHL-lD- —d'miHiqphj




